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INTRO D IK " n o N 
CHAPTER - 1 
I N T R O D U C T I O N 
I n d i a n a g r i c u l t u r e i s p r i m a r i l y based on food g r a i n s , 
p u l s e s and o i l s e e d s which i n t u r n p lay a prominent r o l e i n 
a g r i c u l t u r a l economy of I n d i a . Among food g r a i n s : wheat , 
p u l s e s I mopng^and o i l s e e d s : mustard and groundnut a re 
main c r o p s and are used by human be ing as d a i l y n e c e s s i -
t i e s . However, the p r o d u c t i o n of t h e s e c rops i s n o t 
keeping pace wi th t h e i r eve r incree is ing demand day by day 
due to the p o p u l a t i o n e x p l o s i o n . Under such c i r cums t ances 
i n c r e a s e i n t h e i r per h e c t a r e p r o d u c t i v i t y w i l l be h i g h l y 
a p p r e c i a t e d . 
Among o t h e r s , the j u d i c i o u s a p p l i c a t i o n of f e r t i l i z e r 
can improve the p r o d u c t i v i t y of c r o p p l a n t s to a g r e a t 
e x t e n t (Af r id i and Samiu l lah , 1973; Marschner , 1986; 
Itoharamad e t a l . , 1987 ) . In t h i s r e g a r d , maximum emphasis 
has been g iven on ly on the a p p l i c a t i o n of n i t r o g e n , phos -
phorus and po tass ium fertilizer. In a d d i t i o n to NPK, 
c a l c i u m , having i t s own impor tance i s r e q u i r e d by p l a n t s 
i n g r e a t e r q u a n t i t y . I t i s t h e r e f o r e , h i g h l y d e s i r a b l e 
t o work o u t i t s r equ i r emen t i n a d d i t i o n to NPK for a 
p a r t i c u l a r c rops as s p e c i e s of a genus even v a r i e t i e s of 
same s p e c i e s d i f f e r i n t h e i r n u t r i t i o n a l r equ i r emen t 
( M i l l i k a n , 1961; Evan and s o r g e r , 1966; Samiul lah e t a l » , 
1983 ) . 
Further, i t has been established that vitamins as 
well as the i r derivatives act as co-factor for various 
biochemical react ion. If the amount of such a vitamin in 
t issue i s not suff ic ient , the en t i re system leading to the 
normal functioning of an organ will be affected (schbpefr 
1949; Khan, 1989). Such deficiency of vitamin in var ie t ies 
of crops, may resu l t in thei r poor economic yield. How-
ever, the yield of such var ie t i es may be increased by 
the exogenous supply of the vitamin. In th i s regard, 
pre-sowing seed treatment with pyridoxine has been 
employed successfully to augment the productivity and 
qual i ty of number of crops, including, cereals , legumes 
and oilseeds (Samiullah e^ ajL., 1988). Such work on newly 
released var ie t ies of crops plant i s highly desi rable . 
I t i s also noteworthy that the application of 
nitrogen and phosphorus proved extraordinari ly bet ter 
i f the seeds of the crop were seated in pyridoxine solution 
before sowing (Khan e t a_l., 1987; Samiullah e t a l . , 1991, 
1992) . 
Keeping these points in view, i t has been decided 
to study the effect of calcium and presowing seed 
treatment with pyridoxine alone and in combination on 
the above mentioned crops. 
In the following pages# the available Important 
l i terature on the problem has been reviewed, which I s 
followed by the de ta i l s of the methods employed. At the 
end« the references c i ted in the text are e n l i s t e d . 
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REVIEW OP LITERATURE 
2,1 H i s t o r i c a l account t 
The use of farm yard manure i s an age o l d p r a c t i c e in 
a g r i c u l t u r e . I t was once b e l i e v e d t h a t the e n t i r e n u t r i -
t i o n a l requireroent of crop plants are provided by applying 
adequate q u a n t i t i e s of organic f e r t i l i z e r s t o the s o i l 
before sowing, for s e v e r a l c e n t u r i e s , farm yard manure, 
green manure, bone meal and wood ash , f i s h manure and 
other organic mater ia l s have been used for manuring f i e l d . 
van Helmont conducted the f i r s t q u a n t i t a t i v e e x p e r i -
ment in p lant n u t r i t i o n . In an experiment, he i n v e s t i g a t e d 
the source of the mater ia l s tha t p lants are composed of. 
Justus Von l i e b i g in 1873 c o l l e c t e d and compiled the 
s c a t t e r e d information concerning the importance of mineral 
demand for p lant growth, de Saussure in 1808 for the f i r s t 
time emphasised a c l o s e r e l a t i o n between the minerals found 
in the s o i l and plants t h a t grew on i t (Devlin and witharo, 
1986) . Sachs in 1860 and Knop in 1861 prepared s o l u t i o n 
of s a l t s supply ing the major e s s e n t i a l mineral n u t r i e n t 
s o l u t i o n and s t u d i e d the importance of mineral nu tr i en t 
f o r p lant growth. Among the mineral n u t r i e n t s , n i t r o g e n , 
phosphorus, potassium, calc ium, magnesium and sulphur 
required in rather l a r g e q u a n t i t i e s and have been named 
•inacronutxlent elements' . The elements that are required 
in small quantities by the plants are termed as micro-
nutrient elements and include manganese, copper, chlorine, 
z inc , molybdenum, boron and iron (^Epstein^ 1978), 
The different crop plants require different l eve l s of 
f e r t i l i z e r s depending upon the u t i l i z a t i o n capacity. Fer-
t i l i z e r s are c l a s s i f i e d according to the particular plant 
food element which forms their pr inc ip^ const i tuents . 
Thus they may be grouped as nitrogenous f e r t i l i z e r s , phos. 
phatic f e r t i l i z e r s and potassic f e r t i l i z e r s . The added 
f e r t i l i z e r s to the s o i l are not f u l l y u t i l i z e d by crop 
plants due to various factors . In general, e f f ic iency of 
the plants to use the f e r t i l i z e r s i s approximately 30-70% 
of added nitrogen, 5 to 30% of added phosphorus and 50-80% 
of added potassium (Donahue e t al^,, 1990), The plants i t s e l f 
vary in u t i l i z a t i o n capacity because of nutrient need^ 
and their kinds of root system. Although nitrogen, phos-
phorus and potassium are of key importance in agriculture, 
but the other nutrients are in no way l e s s important than 
these . Calcium i s one such essent ia l element which is 
required by the plants in large quant i t ies . The emphasis 
on calcium is led in the following pages, keeping the 
Importance of the present dissertat ion in mind. 
2,2 Role of Calcium % 
The bulk of ca^ "*" in the plant (vacuole of the c e l l ) 
i s found as the s a l t s of anions, including organic acids, 
sulphates and phosphates, i*ie concentration of Ca in 
healthy t issues ranges from about 0,2% (dry weight basis) 
to several per cents.Calcium is a r e l a t i v e l y large divalent 
cation with a hydrated ionic radius of 0.412 nm and a 
hydration energy of 1577 J/mol, I t readily enters the 
apoplast and is bound in an exchangeable form to c e l l wall 
and at the exterior surface of the plasma membrane. Calcium 
can render scvne anions insoluble and thus reduce a c t i v i t y . 
For example, oxal ic acid is produced in potent ia l ly toxic 
quantit ies of some plants , but i t is detoxif ied by the 
formation of insoluble calcium oxalate. Calcium also 
counteracts the e f fec t of nutrient imbalances in the c e l l . 
An excess concentration of K or even Na may injure the 
plant by promoting too much membrane peinneability. Calcium 
serves to reverse the e f fec t of K and Na and this l imits 
the ir potent ia l ly injurious e f f ec t (Streeter and Barta, 
1988). In the absence of an exogenous calcium supply, 
root extension ceases within a few hours. Calcium is also 
involved in c e l l divis ion (Burstrom, 1968, Schmit, 1981), 
In calcium def ic ient t i s sue , increased respiration rates 
are observed and this is related to enhanced leakage of 
respiratory substrates frcwj vacoules to the respiratory 
enzymes in cytoplasm (Bangerth e t al^, , 1 9 7 2 ) , Calcium 
s t a b i l i z e s c e l l membrane by bridging phosphate and carbo-
x y l a t e group of phospholipids (Caldwell and Hang,1981) 
and p r o t e i n s , p r e f e r e n t i a l l y a t membrane surface (Legge 
e t a l » , 1 9 8 2 ) . Calcium a l s o has major r o l e in membrane 
s t r u c t u r e and p l a s t i c i t y . Calcium combines with pec t ins 
( long chain polymer carbohydrates) and, when incorporated 
i n t o c e l l wal l with p r o t e i n , s erves as a "cement" to 
s trengthen the s t r u c t u r e and g ive i t f l e x i b i l i t y (Streeter 
and Barta, 1988) . There i s increas ing evidence for a clo&e 
l i n k between Ca "*" and growth hormone ac t ion in p l a n t s . I t 
has been shown that Ca "*" plays an important ro l e in auxin 
transport and s e c r e t i o n (Dela Fuente, 1984) , e thy lene 
s y n t h e s i s (Lesham e t a l , , 1984) , s e c r e t i o n of enzymes 
(Gasper e t a l , j l 9 8 3 ; Jones and Jacolason, 1983) , senescence 
(Lesham e t a l , , 1984) and gravitropism (Lee e t a l , # 1983; 
Slocura and Roux, 1983) . Calcium a l s o acts as a second 
messenger in the response of roots to auxin and grav i ty 
(Moore and Evans, 1986/ Evans e t al^,^198e). Calcium has 
regula:tory r o l e in a p r o t e i n , calmodulin, which plays an 
important part in p lant c e l l for both the regula t ion of 
f ree calcium in the c y t o s o l and enzyme a c t i v a t i o n (Marme, 
1983; D ie ter , 1984) , Calcium increases the a c t i v i t y of 
enzymes l i k e oi^>amylase, phosphol lpases , and ATPase (Wyn 
Jones and Lunt, 1967) . In case of c^-amylase, the e f f e c t 
2+ 
of Ca depends on the presence of the phytohorraone GA 
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(jones and Carbonell, 1984) and is more l i k e l y a re f l ec -
t ion of a calciuro/calmodulln Induced enhancement of 
synthesis and secret ion of this enzyme by the c e l l 
(Mitsui e t al,5 1984), In general, calcium stimulates 
membrane bound enzyme ATpase at the plasma membrane of roots 
of certain plant species (Kiuper e t a l .«1974) , The mobility 
of calcium frwn c e l l to c e l l and in the phloem is very 
slow and i t is the (»ily mineral nutrient, other than boron, 
which functions mainly out s ide the cytoplasm in the apo-
p las t region. Most of i t s a c t i v i t y is related to i t s 
capacity for co-ordination with other metabolites by which 
i t provides stable but reversible interroolecular linkage 
predominantly in the c e l l wall and the plasma membrane. 
Factors such as humidity, root pres surea-niphytohorroone 
a c t i v i t y influence the distribution of calcium in plant 
(Kirkby and Pilbeam, 1984). 
The available l i t erature regarding e f fect of calcium 
in the form of different s a l t s / f e r t i l i z e r s of calcium on 
the growth, y ie ld and quality of different cerea ls , legumes 
o i l seed and other crop plants is being reviewed below: 
Loneragan and Snowball (1968) studied the e f fec t of 
calcium concentration in tops and roots of 30 grasses, 
cerea ls , legumes and herbs grown over a wide range of 
calcium concentrations (0,3 to 1000 uW) which were main-
tained constant in following culture solut ion of pH 5.7, 
They found that Increas ing calcium concentrat ion from 0 .3 
t o 2 .5 joM had increased the y i e l d greatly^ whi le calciuiB 
concentrat ion in the tops remain cons tant . On the other 
hand^ increas ing s o l u t i o n concentrat ion from 10 t o 1000 ;iM 
s i g n i f i c a n t l y increased calcium concentrat ion in tops but 
had small e f f e c t on y i e l d in most of the s p e c i e s . The 
concentrat ion of calcium in tops of herbs and legumes was 
found very much higher than grasses and cerea l s a t luxury 
calcium supply . The increase in y i e l d with constant calcium 
concentrat ion in p lant tops was b e l i e v e d t o i n d i c a t e the 
minimal func t iona l reguir^nent of the tops for calcium. 
The average f u n c t i o n a l requirement of herb and legume tops 
was 0 .1-0 .2% of dry weight which- was genera l ly much lower 
and was about twice those of grasses and cerea l s (0 .05-0.1%}. 
When plants were transferred from higher t o lower (1000 to 
0 .3 ;uM) calcium concentrat ion , they developed calcium 
d e f i c i e n c y symptoms and grew l e s s p lants than those which 
had been grown cont inuously in s o l u t i o n of low and cons -
t a n t concentrat ion (2 .5 -10 uM). I t was a l s o found that 
exces s calcium was accumulated in the o l d l eaves during 
luxury calcium supply and was not mobi l i zed when plants 
were t rans ferred t o calcium d e f i c i e n t s o l u t i o n . 
Loneragan e t al« (1968) s t u d i e d the requirement of 
calcium for growth of 30 g r a s s e s , c e r e a l s , legumes and 
herbs in s o l u t i o n which were maintained a t pH 5 . 7 . They 
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observed that some legumes and herbs grew much b e t t e r a t 
low concentrat ion of calcium (ii^ .S and 10 jaH) than many 
s p e c i e s of cramlneae. The minimal concentrat ion required 
to produce maximum growth of p lants and e l iminate calcium 
d e f i c i e n c y symptoms var ied widely (2 .5-1000 juM) with In 
each group. I t var ied over the same range for Gzramineae 
as for legumes and herbs . At 100 ;iM,all plants grew w e l l 
without symptoms of calcium d e f i c i e n c y . They a l s o found 
t h a t the concentrat ion of calcium t o 1000 jaM Increased 
growth in only a few s p e c i e s . The concentrat ion < 1 ;uM 
showed severe d e f i c i e n c y symptoiBS on the top of a l l legumes 
s p e c i e s and herbs, the shoot and root growth of legumes and 
herbs was more quick ly and more s e v e r e l y a f f e c t e d than t h a t 
of cramlneae. The higher concentrat ion (2 .5-1000 ^M) showed 
pronounced e f f e c t on cramlneae. The roots of cramlneae 
appeared hea l thy for some time in the same s o l u t i o n but 
t h e i r r e l a t i v e growth r a t e f e l l r a p i d l y . They suggested 
that there were d i s t i n c t processes in the plants that 
funct ioned d i f f e r e n t l y a t d i f f e r e n t range of calcium 
concentrat ions for example, a t extremely low concentrat ion 
of calcium ( < 1 juM}^  the dominant process might involve 
ion exchange e q u i l i b r i a between calcium in the environment 
and in c e l l wal l s or membrane. At higher concentrat ion 
(2 .5-1000 TIM), the processes of absorption of calcium from 
s o l u t i o n and t r a n s l o c a t i o n t o p lants tops were probably 
dominant. 
u 
Lowther and Loneragan (1968) s t u d i e d the e f f e c t of 
calcium ions on the nodulat ion of subterranean c lover 
(Trifollum subterranean) In f lowing cu l ture s o l u t i o n . They 
reported that calcium concentrat ion from 246 to 720 pH had 
no e f f e c t on growth of the host p lant but increased the 
number of nodules frcm 7 to 24 per p lant whereas decreas ing 
calcium concentrat ion from 246 t o 4 JULM p r o g r e s s i v e l y dec-
reased both p lant growth and nodule numbers. I t was 
sugges ted that nodule i n f e c t i o n or i n i t i a t i o n required 
higher calcium concentrat ion than nodule development. The 
t r a n s f e r r i n g of p lants a f t er 10 days in lower calcium con-
centra t ion to 720 joM calcium for 7 days did not increase 
nodule number above those on plants t r e a t e d cont inuously 
a t low calc ium, s i m i l a r l y , t rans ferr ing of p lant from 720 joM 
calcium to lower calcium treatment d id not decrease nodule 
numbers much below those on plants grown cont inuously a t 
720 joM calcium even though growth was depressed. The nodule 
development a f t er i t s i n i t i a t i o n proceeded at concentrat ion 
of calcium too low for p lant growth. The high calcium requi -
rement for root i n f e c t i o n or nodule i n i t i a t i o n was not 
thought t o be due t o e f f e c t s on s u r v i v a l on growth of 
Rhizoblura and could not be r e l a t e d to e f f e c t s of calcium 
on top root l e n g t h , root hair development, or l a t e r a l root 
i n i t i a t i o n , 
Volz and Jacobson (1974) s t u d i e d the K uptake by 
e x c i s e d roots of vetch ( v i c i a darycarpa) and barley 
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(Hordeuro vulqare) and found vetch roots more respons ive t o 
pH and required ambient calcium concentrat ion 100 times to 
over come the d e l e t e r i o u s e f f e c t of low pM, At pH values 
above 1, the addi t ion of very low concentrat ion of calcium 
markedly depressed the uptake of K by vetch roots and l e s s 
s o for bar l ey . K uptake by vetch roots in the presence of 
calcium l e d t o K being i n t o a non exchangeable form and 
t h i s process was dependent upon aerobic metabolism. The 
degree of s p e c i f i c i t y for calcium appeared t o be much 
higher for vetch roots than f o r bar ley r o o t s . The d i f f e r e n -
ce in response t o calcium for vetch and barley may be 
r e l a t e d to the higher exchange capac i ty of vetch r o o t s , 
was sugges ted . 
Singh and Dahiya (1976) s t u d i e d the e f f e c t of CaC03 
and iron on the a v a i l a b i l i t y of i r o n , manganese, phosphorus 
and calcium in the green house on pea (Pisum sativum) crop 
grown on a l i g h t t ex tured s o i l which was marginal in 
exchangeable calc ium. S o i l was t r e a t e d with 0, 2 ,4 and 8% 
CaCO .^ This CaCO^ was free frcam s o l u b l e iron and manganese. 
The iron treatment comprised 0 , 5 , 1 0 and 20 ppm ferrous 
s u l p h a t e . N, p and K were given b a s a l l y each a t the ra te 
of 15 ppm. Manganese a t the r a t e of 5 ppra was a l s o added 
as manganese s u l p h a t e . The sampling was done a t 45 days 
and 75 days t o record dry matter y i e l d , i ron , manganese, 
phosphorus and calc ium. Addition of CaCOo caused 
13 
s i g n i f i c a n t increase in dry matter y i e l d with no added iron 
a t both the s tages of crop growth, but 8% CaCO- decreased 
the dry matter y i e l d a t l a t e r growth s t a g e . Dry matter 
y i e l d a l so increased with the add i t ion of iron upto 10 ppm 
a t 45 days and upto 5 ppm at 75 days . The iron concentrat ion 
and uptake of iron decreased with the increase in CaC02 and 
increased wi th the a p p l i c a t i o n of iron a t both the s tages 
of crop growth. 
The phosphoirus concentrat ion and uptake were dec~ 
reased with the a p p l i c a t i o n of CaCO^ and iron a t both the 
s t a g e s . The concentrat ion and uptake of manganese a l s o 
decreased wi th the increase in CaCO, and iron concentrat ion 
a t 45 and 75 days . The concentrat ion of calcium increased 
wi th the addi t ion of CaCO. and the increase was to the 
ex ten t of 80% at 45 days and 53% a t 75 days with 8% CaCO ,^ 
whi le the uptake of calcium increased more than 3 fo lds at 
45 days and more than 2 fo lds a t 75 days . The concentrat ion 
of calcium decreased wi th the a p p l i c a t i o n of iron but the 
uptake of calcium a t 45 days increased upto 10 ppm and then 
decreased upto 5 ppm. 
Zsoldos and Karvaly (1978) s t u d i e d the d i f f erences 
in K"*" uptake of d i f f e r e n t segments of e x c i s e d roots of two 
thermophil ic p l a n t s , i . e . r i c e (Oryza s a t i v a cv. Eunghan 
Shal l ) and cucumber (Cucumis s a t i v u s cv . Sanege furtos ) and 
14 
a n on-thermophi l ic p l a n t , i . e . wheat (Triticum aestivum c v . 
Aurora) in the presence and absence of calcium a t 0 and 
25°c us ing radiotracer K ( Rb"*") technique, TJie calcium 
—4 concentrat ion used was 5x10 M CaSO.. In the case of r i c e 4 
and cucumber an extra o r d i n a r i l y l a r g e K**" uptake occurred 
in the a p i c a l root port ion at O^ C without calcium app l i ca -
t i o n . However« with calcium supply diminished the K uptake 
f o r wheat, normal K'*' uptake pat terns were observed under 
s i m i l a r c o n d i t i o n . At 25°C calcium s t imula ted K* uptake may 
appear in each root segment, depending upon s p e c i e s and 
composition of the uptake s o l u t i o n . The r e s u l t s ind icated 
that there may be cons iderable d i f f erences in the composition 
of the c e l l wal l and membrane of root c e l l of thermophil ic 
and non-thermophil ic p l a n t s , and in t h e i r ion-exchange 
p r o p e r t i e s , e s p e c i a l l y in the ap ica l reg ion , 
Dahiya and Singh (1980) conducted a pot experiment 
on loamy s o i l to s tudy the e f f e c t of d i f f e r e n t l e v e l s of 
P ^ (farm yard manure) and CaCO^ on the dry matter y i e l d 
and nutr ients uptake by oat (Avena s a t i v a ) . Appl icat ion of 
d i f f e r e n t l e v e l s of CaCO^ ( 0 , 2 , 4 and 8%) and PYM (0, 0 .5 , 
1 and 2%) i n d i v i d u a l l y r e s u l t e d in s i g n i f i c a n t increase in 
dry matter y i e l d of o a t , but a l i t t l e decrease in dry 
matter y i e l d was reported by 4% Fim, The F^ M and CaCO-
together enhanced dry matter y i e l d s i g n i f i c a n t l y . There 
was a decrease in concentrat ion and uptake of p with 
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Increas ing l e v e l s of CaCO_, Moreover, a p p l i c a t i o n of FYM 
increased concentrat ion and uptake of P. A s i g n i f i c a n t 
concentrat ion and uptake of calcluin increased with increa-
s i n g l e v e l s of CaCO .^ Appl icat ion of PTM at 0.5 and 1,0% 
with 4% CaOO, increased calciura concentrat ion . The e f f e c t 
of CaCO, was more pronounced in the absence as w e l l as in 
the presence of F ^ , The concentrat ion and uptake of Mn 
decreased a t a l l l e v e l s of CaCO.. 
K r i s h n a p i l l a i and Pethiyagoda (1980) s t u d i e d the 
e f f e c t of CaCO. on anfoonium and urea n u t r i t i o n of young 
plants of tea (come 11 la s Inens is ) , I t was observed that 
when CaCO. was added t o n u t r i e n t s o l u t i o n conta in ing aeaiaoniura 
s u l p h a t e , i t r e s u l t e d in increased n i t r i f i c a t i o n . I t a l s o 
caused improved growth of tea plants and the t o x i c i t y 
e f f e c t s of ammonium ion were complete ly e l iminated . In the 
case where urea was used , moderate 50% n i t r i f i c a t i o n was 
observed t o occur even in the absence of calcium carbonate, 
however i t was very rapid in presence of CaCO .^ 
Sachan and Sharma (1981) s t u d i e d the absorption 
of calcium in the shoot of cucumber (Cucurois s a t i v u s ) . 
Fresh and dry weights of root as w e l l as root l ength and 
s u r f a c e area were measured a t weekly i n t e r v a l s . Al l the 
roo t parameters were s i g n i f i c a n t l y c o r r e l a t e d (P s 0.01) 
wi th the amount of calcium absorbed when the concentrat ion 
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of calcium was 5 meq/i and root membrane was fully saturated. 
The use of this relationship helped in estimating the amount 
of roots developed in the soil system where identical 
condition exists with respect to calcium concentration such 
estimated values were termed as equivalent root length or 
equivalent root surface area as the case may be. P and K 
flux into the root growing in the soil system was worked 
out from these estimates of root parameters, 
Ssali (1981) studied the effect of Caco^, inoculation 
and lime pellating on the nodulation, dry matter yield and 
% N content of bean plant (phaseolus vulgaris) in fine acid 
soil. The soil represented a range in pH from 3,9 to 5.1 
with exchangeable Al from 0,0 to 4 raeq/lOO g, exchangeable 
Mn from 0.35 to 2.32 meq/lOO g and % C from 6.69 to 5.60. 
In soils %#ith relatively high organic matter content, nodu-
lation was very low or absent. The inoculation of cacO-
in soils with low organic matter and low exchangeable Al 
and Mn, increased nodule weight, dry matter yield and % N 
especially at low pH level. Liming at lower rates had 
little effects on exchangeable aluminium and calcium and 
dry matter yield, whereas higher limes rates, decreased 
exchangeable aluminium and dry matter yield, but increased 
exchangeable calcium. 
Emanuelsson (1984) performed three pot experiments 
on barley (Hordeum vulqare) to study the root growth and 
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calcium uptake in relation to calcium concentration ranged 
from 10"*° to 10 M Caclj. The growth of the roots in the 
test media was examined daily by counting the total number 
of roots and the number of roots with laterals. The deve-
lopment of number of roots had an exponential course at 
the calcixim concentration and was enhanced by increased 
calcium concentration. At harvest, it was found that the 
size o£ roots (length and dry weight) decreased with 
decreasing calcium concentration to a certain extent. 
Galalciya and patel (1986) studied the effect of 
four levels of Caco^ (0, 10, 20 and 30%), and five levels 
of boron (0, 0,25, 0,50, 1,0, 2.0 ppm) on the distribution 
patterns of yield contponents and yield in groundnut 
(Arachis hypoqea cv. GAUG-1). Treatment of CaCO^ increased 
nunaber and percentage of pods while other yield attributing 
parameters decreased. 
Jean and Allen (1987) selected to study two calcium 
efficient and three calcium inefficient tomato (Lyeopersicon 
esculentum) lines on the basis of dry matter production, 
calciiim concentrations in tissue and severity of calcium 
deficiency symptom. These plants were grown in nutrient 
solution containing 6-levels of total calcium, ranging 
from 15 to 365 mg/1 with 70 mg/l increment. The strain 
selected responded to increase calcium supply by increasing 
in dry weight and by accumulating calcium. The critical 
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concentration in the shoot were 0.25% and 0.4% of dry 
weight for the e f f i c i e n t and i n e f f i c i e n t l ines respectively* 
For a l l l ines as more Ca was available in the isedia and as 
Ca increased in shoots and roots« the concentration of 
other nutrients decl ined. 
Grieve and Fujiyama (1987) studied the response of 
two cul t ivars "MQ" and M-201 of r ice (Oryza sativa) to 
nutrient cultures sal inated at ~0«4 MPa with varying rates 
of Na and Ca. They reported that the dry matter production 
of both cul t ivars was sens i t ive to the Na/Ca r a t i o , th i s 
correlation was s ign i f i cant only for 1^201. Calcium nutr i . 
t ion was severely affected by the composition of external 
solution and the leaves exhibited Ca-deficiency symptoms 
at Na/Ca molar rat ios of 78 and 198. sodium concentration 
in the shoot decreased as the N^Ca rat io in the external 
solution decreased. The Na-induced inhibit ion of Ca uptake 
and transport appears to be more l imiting to shoot growth 
of " W and W-201 than Na tox i c i ty ^ r s e l . 
Sahrawat e t a l . (1988) studied the uptalce of N^P^K 
Ca«Mg, zn« Fe and Ma in nodulating and non-nodulating peanut 
(ATachis hypoqea) l ines in f i e l d . The genotypes were grown 
with two nitrogen f e r t i l i z e r leve ls (0 and 200 kg N ha" } • 
They found that the amount of nutrient elements in plant 
parts were greatest for N« followed by K, Ca, Mg, P, fe, 
Mn, and zn in descending order. Although there were 
19 
differences in the uptalos of other nutrients« the major 
difference between non.-nodulating and nodulating geno-
types was in N* indicating the poor y ie ld of pods in non. 
nodulating l ine due to incapabil i ty of fixing atmospheric 
nitrogen, 
Jonathan e t 9I, (1988) studied the distribution and 
u t i l i z a t i o n of calcium by two tomato (Lycopersicon esculentum 
Mill) l ines grown under low calcium s t r e s s . Tlhe s trains of 
tomato differed in u t i l i z a t i o n e f f i c iency of absorbed 
calcium. The differences in e f f i c iency of calcium use were 
expressed as CaBR (mg of dry weight produced fOr each rog 
of calcium absorbed by the plant) • They observed that the 
calcium e f f i c i ency in strain 113 (E) shoved a low movement 
of absorbed calcium allowing for the continued growth of 
the shoot apex and upper lamina under calcium deficiency 
condition* In the ine f f i c i en t strain 67(1)« calcium was 
rapidly deposited in the lower leaves with l i t t l e upward 
movement in the plant after absorption, Autoradiographs 
45 of l ines fed Ca during the f ina l 8 days of 24 days experi . 
ment suggested that upward movement was sustained in 
strain 113(E)# inspite of vas t ly reduced transpiration 
rates and a root system characterized by leakage of 
K-ions from the roots back into the so lut ion , 
Jan e t a l , (1990) studied the e f f e c t of calcium on 
the nodulation of luoirne (MBdicaqo sat iva cv . Resis) using 
EGTA (Ethylene Glycol-bis ( -Amino-Ethyl Ether) N,N,N*,N»-
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Tetra Acetic Acid) , a calcium c h e l a t o r . Optimum number of 
nodules was obtained i n n u t r i e n t so lu t ion conta in ing 0,2 
mM Caclj whereas, addi t ion of 0,4 mM EGTA i n h i b i t e d nodu-
l a t i o n . The lucerne seedl ing showed 67% nodulat ion with 
rh izo t rdns when the s o i l around the seed was nu t r a l i z ed 
l o c a l l y with 1,0jaM of K2CO2 i n drops of 12 joi volume. 
Removal of na t ive calcium with 2 ju raol of EGTA reduced 
nodulat ion t o 12%, The add i t ion of EGTA r e s u l t e d in a drop 
of pH from 6.1 t o 5,2 and to avoid pH decrease , agar blocks 
conta in ing 6 jti mol of EGTA for th ree hours were placed on 
f resh ly developed r o o t s . However, t h i s t reatment reduced 
the nodula t ion, 
Jan e t al^, (1990) s tudied the e f fec t of lime p e l l a -
t i n g on the nodulat ion of lucerne (Medicago sa t i va ) i n an 
acid s o i l . The comparative study was ca r r i ed out i n the 
f i e l d , i n pots and i n rh izot rons .The seeds were e i t h e r 
inocula ted with Rhizobium roeliloti (R) or inocula ted and 
pe l l a t ed with lime (PR), They observed the pos i t i ve response 
i n p lan t growth w3is due t o b e t t e r nodulat ion on the upper 
10 ram of seedl ing top r o o t . The number of seedl ings carrying 
crown nodules increased from 18% R to 56% PR a t 26 days 
a f t e r sowing. In both pots and rh izo t rons lime p e l l a t i n g 
a l so increased crown nodulat ion in pots from 32% R to 
60%,pp and i n rh izo t rons from 5% R t o 90% pp. They 
concluded tha t (1) crown nodulat ion was an adequate para-
meter to qual i fy the benef i t of lime p e l l a t i n g and ( I I ) 
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t h a t rh izo t rons because of more pronounced e f f ec t and 
nodulat ion from 87 t o 32% with only s l i g h t change i n so i l 
pH. The nodulat ion could be r e s to r ed by adding 2 ;uM of 
CaCl2. Shorter incubat ion time a re more s u i t a b l e t o study 
the nodulat ion responses in the s o i l . 
Fathi et^ al_. (1990) s tud ied the e f f ec t of th ree 
concent ra t ion of calcium ( 0 , 150 and 300 ppra) and th ree 
n i t rogen forms (NO^. NH- and NH2CONH2) and t h e i r i n t e r -
ac t ion on mineral composit ion, n i t rogen and calcium uptake 
and d i s t r i b u t i o n i n cabbage (Brassica o l e r acea ) , I t was found 
t h a t r a i s i n g of calcium l eve l i n n u t r i e n t so lu t ion increased 
the r a t e of uptake and d i s t r i b u t i o n of calcium in p l a n t s . 
Data revealed t h a t n i t rogen and calcium concent ra t ion in 
outer leaves reached t o c r i t i c a l l eve l a t 3.56% and 2,0% 
for n i t rogen and calcium, r e s p e c t i v e l y . 
Oyewhole and Aduayi (1992) performed an experiment 
on tomato (Lycopersicon esculentum I f e plum cv . 51691) grown 
i n s o i l cultiare for 5 months and t r e a t e d with boron a t 
concent ra t ions of 0 ,1 ,2 ,4 ,8 and 16 pi>ra as H^BO, and calcium 
a t 0, 40,80 and 160 ppm as Ca(OH)2, A s i g n i f i c a n t l y pos i -
t i v e c o r r e l a t i o n was e s t ab l i shed between organic matter 
and water so lub le boron ( r = 0.97) while the r e l a t i o n s h i p 
between pH and boron was negative ( r = - 0 . 4 9 ) , Applicatitaa 
of boron a t 2 ppm improved a l l growth parameters s tud ied . 
Boron app l i ca t ion higher than 2 pj»n, induced leaf ch lo ros i s 
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and l a t e r necros i s of nodes and r o o t s . Fru i t y i e ld was 
co r r e l a t ed p o s i t i v e l y with so i l -bo ron . S o i l - and p l an t -
boron '.was p o s i t i v e l y co r r e l a t ed (r = 0 ,790) , calcium when 
appl ied s ing ly a t higher l eve l s increased t o t a l chlorophyll 
content of the leaf . Tomato f r u i t y ie ld was optimum a t 2 
ppm boron (4.48 Kg/ha boron) and 160 ppan calcium (358,4 
feg/ha ca lc ium) , corresponding to boron s calcium (B : Ca) 
f e r t i l i z e r r a t i o of 1,80. 
2.3 Role of Vitamins : 
Vitamins are organic compounds which are requi red in 
small q u a n t i t i e s for the normal growth and development of 
organisms However, they do not fu rn i sh energy and are not 
u t i l i z e d as bu i ld ing t ini ts for the s t r uc tu r e of organisms 
These compounds act as co-enzyme in a number of enzyme 
systems and thus take par t i n the regu la t ion of iitetabolism. 
All known vitamins are synthesized by green p lan t s with the 
exception of vi tamin D. 
Hopkins in 1906 ca l l ed these n u t r i t i o n a l element, 
required i n add i t ion t o carbohydra tes , f a t s , p r o t e i n , s a l t 
and weter "accessory factors '*. Funk in 1912 was the f i r s t 
t o i s o l a t e an amine from r i c e husks and po l i sh ing t h a t 
a l l e v i a t e d the symptoms of the d i sease "ber i b e r i " . He 
ca l l ed these compound "vitamine" and f i n a l l y Drummond i n 
1920 dropped the terminal 'e* of ' v i t amine ' and proposed 
the generic term "vitamin" which was accepted by l a t t e r 
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workers. Osborne and Mendal« and McCollura and Davis in 
1915 d i s t ingu ished two types of vitamins on the b a s i s of 
t h e i r s o l u b i l i t y difference and ca l l ed them f a t soluble or 
water so lub l e . The f a t so luble vitamin include A«D,E and 
K, while water soluble vitamin covered B and c , Polker in 
1969 gave the d e f i n i t i o n of vitamins by taking i n t o account 
the knowledge about the b iosyn thes i s of n i c o t i n i c acid* 
vitamin-C and co-enz3^rae« I t read as "an organic substance 
of a n u t r i t i o n a l nature* present i n low concentra t ion as 
a na tu ra l component of enzyme systems and ca t a lyses required 
reac t ion and may be derived e x t e r n a l l y t o the t i s s u e or by 
i n t r i n s i c b iosyn thes i s " (Morton^1974), 
The r o l e of B-vitamlns in p lan t s has been elucidated 
t o some ex ten t during the f i r s t half of the present centtiry 
(Bonner and Bonner, 1948). Vitamin B has been proved t o be 
a mixture of compounds which i s re fe r red today as the 
vitamin-B complex. The vitaminS^isolated and i d e n t i f i e d 
from t h i s complex were designated^s thiamine (vitamin B - ) , 
r i bo f l av in (vitamin B2), n i a c i n , pyridoxlne (vitamin Bg), 
^ n t o t h e n i c a c i d , f o l i c a c i d , i n o s i t o l , b i o t l n and cyano-
cobalamine. In the following pages the p rope r t i e s and 
functlonsof pyridoxlne (vitamin Bg) and i t s e f f ec t on 
p lan t s has been taken i n t o cons ide ra t ion . 
2 .4 Role of pyridoxlne (vitamin B^) : 
Pyridoxlne was i s o l a t e d i n c r y s t a l l i n e form from 
yeast by Kuhn and Wendt Gyorgy and Eckhardt (1939) suggested 
24 
the therm pyridoxine. Harris and Polkers (1939) and 
S t i l l e r e t ajL, (1939) established the vitamin Bg was a 
pyrimidine der ivat ive, being '!<,-methyl-3 hydroxy-4-5-di 
(hydroxy-methyl) pyrimidine, Kuhn and Wendt in 1939 pro-
posed the following chemical structure of pyridoxine 
H-C-OH 
CH2OH 
Pyridoxine (vitamin B,) i s a colourless crysta l l ine 
powder, has a s l igh t ly b i t t e r t a s t e and melts a t 160°c, I t 
c rys ta l l i zes in the form of various s a l t s , for example, as 
hydrochloride, m.p. 204-206°C. Empirical formula CgH-.O^H.HCl 
and i s readi ly soluble in water (Ig in 4.5 c . c . water) and 
alcohol (Ig in 90 ml alcohol) . Pyridoxine (vitamin Bg) 
occurs in three forms v iz . pyridoxine, pyridoxal phosphate 
and pyridoxamine phosphate. I t serves as the t i gh t ly bound 
prosthetic group to a number of enzyme catalyzing reaction 
such as in decarboxylases, various lyases and synthases 
and aminotransferases. In amino transferases reaction 
serve as a t rans ient intermediate carr ier of the amino 
group from donor to acceptor (Lehninger l98 l ) . 
I t may be adcted here that vitamin Bg i s necessary 
for plants and micro-organism. I t i s proposed t o review 
the l i t e r a tu re pertaining to th i s group as a whole in 
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the following pages with particular emphasis on pyridoxine 
because of the specificity of the present research problem, 
Robbins and Schmidt (1939) fotind that addition of 
light brown sugar in nutrient medium was more beneficial 
for the growth of excised tomato roots than pure cane sugar 
The root growth decreased when light brown sugar was repla-
ced by its ash (treated with hydrochloric acid) or pure 
cane sAigar, containing minerals, nicotinic acid, nicotinamide, 
thiamine and amino acids. However, addition of pyridoxine 
(vitamin Bg) with pure cane sugar in the nutrient medium 
promoted the growth of tomato roots, Addition of pyridoxine 
also induced the development of hooks and curls, indicating 
that it caused the elongation of cells. These observations 
showed that light brown sugar contain some root growth 
factors, 
Bonner (1940) investigated root growth factor require-
ments of several plants in vitro. Excised roots of alfalfa, 
clover and cotton needed vitamin B- and nicotinic acid for 
their optimum growth, which did not improve further on 
the addition of vitamin B, in the nutrient medium. On the 
other hand, roots of datura (Datura stramonium) and sun-
flower (Helianthus annuus) showed profuse growth in the 
presence of vitamine B., Bg and nicotinic acid. Similarly, 
isolated roots of carrot required vitamin B. and Bg, but 
the addition of nicotinic acid was of no use. In case of 
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f ive d i f f e r en t s t r a i n s of tomato, vitamin B- and Bg 
proved bene f i c i a l for root growth which was fur ther 
promoted by the inc lus ion of n i c o t i n i c acid i n t o the 
medium. At the same t ime , excised roo t s of c lover and f lax 
were found t o synthes ise vitamine B, in small amounts. 
Therefore, they maintained sub-optimal growth even i n the 
absence of t h i s v i tamin. 
White (1940) s tudied the e f fec t of vitamin Bg, nico-
t i n i c acid and pyr idine i n the presence of s u f f i c i e n t 
thiamine i n n u t r i e n t medium on the growth of excised roots 
of two tomato s t r a i n s . Su rp r i s ing ly , these s t r a i n s of tomato 
did not s i g n i f i c a n t l y respond t o vitamin Bg, n i c o t i n i c acid 
and pyr id ine . He, t h e r e f o r e , concluded t h a t these s t r a i n s 
of tomato conta in adequate amount of these substances t o 
support the roo t growth under experimental cond i t ion . 
Day (1941) performed an experiment on excised tomato 
roo t s i n an agar nu t r i en t medium conta in ing 1% sucrose 
and 0,5% pur i f i ed agar t o which thiamine, pyr idoxine .n ico-
t inamide, neopeptone, glutamic ac id and glycine were added 
i n d i f f e r en t combinations. He observed t h a t none of the 
amino acids could replace the vitamin Bg. 
Minnuro (1941) grew r a d i s h in sand supplied with 
Hoagland's so lu t i on plus micro e lements . The experimental 
pots were t r e a t e d by weighing out the necessary number 
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of mg of F*iJ^ e c r y s t a l l i n e vitamin B-.B- and Bg and by 
adding s u f f i c i e n t amoant of water so tha t 1 ml so lu t ion 
contained 1 rag of vitarain. V i t a f l o r , a cominercial compound 
conta in ing 0,1% vitamin Bj^, 0,5% n i c o t i n i c acid and t races 
of vitarain B2, B- and pantothenic a c i d , was a l s o included. 
I t was observed t h a t some of the ind iv idua l t rea tments 
increased the growth of the vege tab le , 
Robbins (1942) i nves t i ga t ed the e f fec t of twelve 
analogues of pyridoxine on the growth of excised tomato 
roots in a medium supplemented with thiamine. Of t h e s e , 
nine analogues were found i ne f f ec t i ve for root growth, 
Acetylat ion and s u b s t i t u t i o n of e thy l for the methyl group 
i n the second pos i t i on of pyridoxine r ing did not a l t e r 
the bene f i c i a l a c t i v i t y of the vi tamin. These s tud ies t h u s , 
ind ica ted tha t pyridoxine had high degree of s p e c i f i c i t y 
for the growth of excised tomato r o o t s , 
Dorothy and Day (1943) t r ans fe r r ed uniform pieces 
of inoculum frcmi tomato roo t s grown for 57 or more passages 
i n a mineral sugar so lu t ion conta in ing thiamine or i t s 
t h iozo le in termedia te t o p e t r i d i s h e s , containing a modi-
f i ed P fe f fe r ' s so lu t ion with 1% sucrose and 0,5% pur i f ied 
agar . To t h i s medium thiamine, pyr idoxine , n icot inamide, 
neopeptone, glutamic acid and glycine were added in 
var ious combinations. They were incubated in moist chamber 
a t 25°C in the dark . In basa l agar with no added growth 
subs tances , the roo t seldom grew for more than two passages, 
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With the add i t ion of thiamine, the root t i p s grew about 
1.77 mm da i ly for an iinlimited number of passages. When 
pyridoxine was added t o the agar medium with the thiamine, 
the growth r a t e was about 5*2 mm and the roo ts i n t h i s 
medium showed the c h a r a c t e r i s t i c hooks and c u r l s . He fur -
the r observed t h a t supplementing t h i s medium with n i c o t i -
namide had no appreciable e f fec t on the r a t e of growth. 
However, fu r the r additicm of glutamic acid t o the agar 
medium conta ining thiamine had l i t t l e or no e f f e c t . 
Alraestrand (1950) s tudied the e f f ec t of th iamine, 
pyr idoxine , and n iac ine added t o the so lu t ion medium on 
wheat r o o t s . He noted tha t pyridoxine alone had a decesive 
e f f ec t on growth by prcxnoting merist iroatic c e l l d i v i s i o n . 
Optimal growth was obtained i n pyridoxine concent ra t ion 
ranging from 0.5 t o 1,0 mg/l a t 27-28°C. 
Alraestrand (1951) s tudied the e f fec t of pyridoxine 
and i t s de r iva t ives (pyridoxal phosphate and pyridoxamine) 
on the growth and metabolism of s t r a i n s of wheat, b a r l e y , 
oats and r y e . The pyridoxine s e n s i t i v e wheat cv. Eroica 
showed marked increase i n root l eng th , whereas other 
v a r i e t i e s were not affected by the vitamin a p p l i c a t i o n . 
In order t o study the metabolism, two wheat s t r a i n s , 
namely Eroica-pyridoxine s e n s i t i v e and Vir tus-pyr idoxine 
i n s e n s i t i v e were s e l e c t e d . I t was noted t h a t the absorp-
t i o n of glucose phosphate and n i t r a t e uptake in Eroica 
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wheat corresponded significantly to the applied pyridoxlne 
concentration, while Virtus did not show any response to 
pyridoxine treatment with regard to absorption of glucose 
and the ions. It was further noted that the effect of 
pyridoxine derivatives, i.e. pyridoxal phosphate and pyri-
doxamine was similar to that of the mother compound. 
However, barley, oats and rye strains were unaffected. 
Lee and Whaley (1953) observed the individual or 
combined effect of thiamine, niacin and pyridoxine for 4 
weeks on the growth of excised tomato roots. They noted 
that growth in all media was about the same during the 
first week. However, little additional growth was obtained 
frcxn roots grown in media containing pyridoxine or niacin'^  
alone. In media containing thiamine alone or in combina-
tions of any two or three of the vitamins, growth of roots 
was significantly greater than in the other media. In the 
medium containing all the three vitamins, growth of roots 
was significantly more than in any other medium. However, 
between the third and fourth week, growth in all cultures 
was markedly decreased. They emphasised that the best 
period for investigation of growth substances effects 
under the experimental conditions was during the second 
and third weeks. 
Boll (1954) studied that a clone of excised tomato 
roots required thiamine, pyridoxine and niacin for optimal 
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growth, but growth could be maintained in a medium supple-
mented only with thiamine and pyridoxine. He added that 
pyridoxine was replaceable by pyridoxal phosphate or 
pyridoxamine. The order of activity was pyridoxal ^  pyri-
doxine ^  pyridoxamine. Likewise, niacin was replaceable 
by niacinamide which was in general more active. He 
further noted that pyridoxine could be replaced with 
glycine and this replacement was more pronounced in the 
presence than in the absence of niacin , The addition of 
glycine at certain concentration of pyridoxine increased 
level of growth to that obtained with optimal concentration 
of pyridoxine, Morphogenetic effects of glycine and pyri-
doxine were similar, although glycine appeared to exert 
an independent effect upon the initiation of laterals. 
Root morphology was controlled by the balance of growth 
factor supplied in the medium, 
Fujiwara and Ojima (1954) studied the effect of 
thiamine, pyridoxine, nicotinic acid on the growth of 
excised root tips of rice and wheat in liquid medium. The 
root tips of rice responded positively to thiamine or 
pyridoxine application. However, in case of wheat, pyri-
doxine gave better results. They further observed that 
the excised plant roots attached to their scutella grew 
much longer than their root tips and showed no reaction 
to vitamin. 
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Ovcharov and Kulieva (1968) soaked cot ton seeds In 0,01% 
pyrldoxine (vitamin Bg) so lu t i on for 1-3 h a f t e r which the 
seeds were sown with d i f f e ren t forms of n i t rogen and phos-
phorus f e r t i l i z e r s . The vitamin s l i g h t l y promoted germination 
and increased tlte area of f i r s t leaves two t o three fo ld . 
The e f fec t iveness of vitamin Bg depends upon the form of 
f e r t i l i z e r used. Root length of t r e a t e d seedl ings in the 
presence of ammonium sulphate was 49% more than i n un t rea ted , 
cont ro l s and was 14% l e s s with calcium n i t r a t e . Nitrogen and 
phosj^orus content of 2 day old seedl ings was increased by 
the vitamin and the content was more i n the presence of 
potassium dihydrogen orthophosphate than t h a t of super-
phosphate. 
Dimistrova-Russeva and Lilova (1969) s tudied the 
ef fec t of the app l ica t ion of th iamine , pyridoxine and n ico-
t i n i c ac id on the uptake of n i t rogen and phosphorus by 
Mentha p ipere ta in nu t r i en t so lu t i on as well as i n s o i l . They 
the found tha t /up take was increased by the app l i ca t ion of these 
t h a t of 
v i t amins / Jahosphorus responding p a r t i c u l a r l y t o s ing le 
app l i ca t ion of n i c o t i n i c acid and double app l i ca t ion of 
o the r s . Nico t in ic ac id a l s o enhanced the y ie ld of e s s e n t i a l 
o i l as did the two app l i ca t ions of thiamine whereas p y r i -
doxine reduced i t . 
Zavenyagina and Bukin (1969) s tudied the ef fec t 
of app l i ca t i on of an an tagonis t of pyridoxine on the 
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germination, v i a b i l i t y of s eeds , development of the root 
system and above ground por t ion of pea and wheat seedl ings 
i n water c u l t u r e . They observed tha t the pyridoxine anta-
gonist introduced i n t o Xnops n u t r i e n t medium a t lO t o 
10~ M lowered the germination r a t e and suppressed growth 
of roots and above ground por t ion of the seedl ing of both 
spec ie s . The appearance of symptoms of Bg-avitaminosis was 
p a r t i a l l y or e n t i r e l y prevented by the add i t ion of pyridoxine 
t o the c u l t u r e medium. They a l s o observed t h a t vitamin Bg 
s t imulated the growth of normal wheat and pea seedl ing and 
increased chlorophyl l content i n the leaves , 
Kozhin and Kravtsov (1973) added various pyridoxln*=> 
concentra t ions of O.OOl, 0 , 0 1 , 0 , 1 , 1,0 and 10 mg/1 i n a 
medium t o study the e f fec t on i s o l a t e d pear and apple 
enibroys a t d i f f e r en t s tages of r i p e n e s s . They noted t h a t 
pyridoxine enhanced germination, accumulation of chlorophyll 
and d i f f e r e n t i a t i o n of embryos i n t o seed l ings . The erabroys 
from unripe seeds were more a f fec ted by pyridoxine than 
those from r i p e seeds . 
Gopala Rao et^ al» (1974) observed high succinic 
dehydrogenase a c t i v i t y i n root and shoot , and enhanced 
respti^ation and pro te in syn thes i s in 4 day old seedl ing 
of Phaseolus r ad i a tu s in a water cu l tu re experiment as a 
r e s u l t of supplying the p lan t s With b i o t i n ,pyr idox ine , 
n iac in and thiamine in the n u t r i e n t s o l u t i o n . 
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Afridi et^  al_. (1979) noted that among the known 
grovrth promoting substances, including phytoharmones and 
vitamins, seed treatment with pyridoxine gave very promosing 
results in preliminary screening to test their effect on 
root growth of barley cv. K 572/28. They soaked barley 
seeds in 0,0, 0,1 and 0.3 and 0,5% pyridoxine solution for 
24 h and the seeds were sowninpots containing sand. After 50 
days of sowing, root and shoot were analysed for their 
growth characteristics, and yield attributes and quality of 
grain were studied at harvest. They noted that the treatment 
of seed had significant beneficial effect on most of the root, 
shoot and ear characteristics as well as on grain yield and 
quality. The two higher concentrations of the vitamin (0,3 
and 0,5%) proved best for most of the characteristics 
studied. 
Ahmad et^  al^ , (1981) studied the effect of pre-sowing 
treatment of grain with pyridoxine on growth of five varie-
ties of barley. They soaked the seed of various varieties 
of barley namely » NP-13, NP-21, K 572/10, K572/28 and 
Clipper for 24 h in aqueous pyridoxine solution (00, 0.02, 
0.1 and 0.5%) before sowing in the field. Pyridoxine 
treatment significantly affected tiller number, leaf num-
ber, shoot length, fresh and dry weights at tillering, 
heading and milky grain stages. Seed treatment with 0.1% 
solution proved optimum at all stages of growth. Tiller 
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and leaf number were maximum i n Clipper and minimum i n 
K 572/28 but the l a t t e r produced the t a l l e s t p l a n t s , 
NP-21 had the maximum f resh and dry weight followed by 
K572/28. TreatJTtent X v a r i e t y i n t e r a c t i o n e f fec t was mostly 
s i g n i f i c a n t . The response of var ious combination var ied 
from charac te r t o charac ter and s tage t o stage but the 
combination 0,02% pyridoxine and K 572/28 proved b e s t . 
Ahmad et^ a l . (1982) s tudied the grain and straw 
y ie ld of f ive bar ley cvs NP-13 . NP-21, K572/10, K572/28 
and Clipper t o pyridoxine t reatment for 24h, The soaTcing 
of seeds i n var ious concentra t ions of pyridoxine solut ion^ 
v i z . 0, 0 ,02, 0,10 and 0,5% was done. The maximum grain 
y ie ld vas recorded in 0,l0?i pyridoxine whereas maximum 
straw y ie ld was found in 0.02?4. K-572/28 and NP-21 out 
yielded a l l others in grain y ie ld and straw y ie ld respec-
t i v e l y . The combination 0.1% x K572/10 produced maximum 
grain y i e l d , while 0.02% x NP-13 gave maximum straw y i e l d , 
Ansari e_t a l . (1984) i n a f i e l d experiment on l e n t i l 
(Lens c u l i n a r i s cv . T-36), s tudied the e f fec t of pyridoxine 
on d i f f e r e n t y ie ld parameters . The seeds were soaked in 
0,0 ( c o n t r o l ) , O . l , 0 .2 , 0 . 3 , 0,4 and 0,5% aqeuous pyr i -
doxine so lu t i on for 12 h before sowing. Unsoaked seeds 
provided the second c o n t r o l . At ha rves t , pods /p lan t , pod 
l eng th , seeds/pod, 1000 seed weight and seed y i e ld were 
noted. Pyridoxine s i g n i f i c a n t l y affected a l l the parameters 
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except pod length and soaking in 0,3% solution proved opti-
mum. It increases pod numbers, seed number and seed yield 
but decreased lOOO seed weight. 
Kodandararaaiah and Gopala Rao (1984) studied the 
effect of thiamine, pyridoxine, riboflavin, niacin , panto-
thenic acid and folic acid on photosynthesis in isolated 
chloroplasts of cluster bean (Cyamopsis tetragonoldba). They 
found that spray of several vitamins, including pyridoxine 
at concentrations ranging from 50 to 200 mg/fi caused sti-
rmxlation of photosynthetic carbon fixation in chloroplasts 
isolated from the leaves of treated plants. Thus, pyridoxine 
sprayed plants provided chloroplasts that showed enhanced 
photosynthetic activity upto 45% next to niacin (51% 
increase over the chloroplasts isolated from the unsprayed 
control). An increase of 68.6% carbon assimilation by chloro-
plasts through pyridoxine spray over the control was recorded, 
Raghava Reddy and Gopala Rao (1984) conducted an 
experiment on Brassica nigra to study the effect of 0, 100, 
500 and lOOO yuM of citric acid and pyridoxine through foliar 
sprays at 14 and 21 days after sowing. It was noted that 
100 ^ M pyridoxine solution induced early flowering, inc-
reased leaf area and plant length compared with the control . 
Similar response was noted with citric acid application. 
Moreover, its effects on leaf area was less pronounced 
than that of pyridoxine. 
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Gopala Rao and Raghava Reddy (1985) s t u d i e d the 
e f f e c t of B-vitamins on the uptake of sodium, potassium, 
calcium and phosphorus in one week o l d Vicpaa r a d i a t a . The 
n u t r i e n t s o l u t i o n contained 20 m ^ l each of thiamine, 
r i b o f l a v i n , pantothenic ac id , pyr idoxine , n i c o t i n i c ac id 
and b i o t i n . Seedl ings t r e a t e d wi th the vitamins promoted 
the uptake of these e lements . Thiamine and Biot in were 
found i n e f f e c t i v e in the uptake of phosphorus, but r i b o -
f l a v i n , pyridoxine and pantothenic ac id and n i c o t i n i c 
a c i d p a r t i c u l a r l y , showed more Inf luence on potassium 
and phosphorus uptake than the other vitamins included 
i n the s tudy . 
Samiullah e t a l . (1985) conducted two s imple 
randomised f i e l d experiments t o compare the e f f i c a c y of 
method of a p p l i c a t i o n of pyridoxine to moong (Viqna 
radiata) var , K-851, In one experiment seeds of moong 
were soaked in 0 . 0 , 0 . 1 , 0 . 2 , 0 . 3 , 0.4 and 0.5% aqueous 
pyridoxine s o l u t i o n for 4 h and in another experiment 
s i m i l a r concentrat ions of pyridoxine s o l u t i o n were 
sprayed a t 35 and 45 days of growth s t a g e s . The para-
meters s t u d i e d a t 20, 30, 40 and 50 days of growth 
inc luded root l ength , nodule ntomber and NRA, Root l ength 
root nodule number and NRA in f o l i a r spray experiment 
were recorded a t 45 and 55 days of growth. In both the 
experiments s e e d y i e l d was taken a t harvest and NRA was 
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correlated with seed y ie ld . In soaking experiment, 0.3% 
pyridoxine solut ion in general, gave optimum value for 
root length, nodule number at a l l sampling stages and 
0.3% pyridoxine soaking increased NRA by 29.7, 7 .1 , 11.8 
and 15.6% over the respective water soaked controls at 
20, 30, 40 and 50 days respect ive ly . The spraying of 
0.1% pyridoxine solut ion at the pre>flowering and 0.2% 
at the post-flowering stage proved to be optimal for NRA 
and the a c t i v i t y was increased by 49.2 and 29.6% at 45 
and 55 days respect ively over the waterj 0.1% spray and 
0.3% soaking of pyridoxine enhanced 33.7% and 44.9% 
respect ive ly more seed y ie ld as compared to water, A 
highly s ign i f i cant and pos i t ive correlation was noted 
between NRA and seed y ie ld in both the experiments. From 
the study, they concluded that leaf NRA leve l s could be 
u t i l i z e d for predicting crop productivity. I t was also 
inferred that soaking treatments has superiority over 
spray treatment. 
Ansari e t a l , (1990) studied the e f fec t of pre-
sowlng seed treatment with 0.0 , 0 .1 , 0 .2, 0 .3 , 0.4 and 
0.5% aqueous pyridoxine solut ion for 12 h on growth 
parameters (root length, root nodule number, dry weight 
of root and whole plant, and leaf area), n i trate 
reductase ac t iv i ty (NRA), leaf NPK, y ie ld parameters 
(podsi4>lant, seed^pod, s ing le seed weight, and seed yield) 
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and prote in content of l e n t i l (Lens c u l l n a r i s ) v a r , T-36. 
An unsoaked and water soaked c o n t r o l was a l s o Included 
in the scheme. The growth parameters« NRA and l e a f NPK 
content were s t u d i e d a t 60, 9O and 120 days a f t er sowing 
(DAS). NAR was computed f o r the periods o f 60-90 and 
90-120 DAS. Y ie ld parameters and s e e d prote in content 
were s t u d i e d a t harves t , 0.3% pyridoxine treatment proved 
optimum for growth parameters, NAR, NRA and l e a f NPK a t 
a l l sampling s t a g e s . Al l y i e l d characters s i g n i f i c a n t l y 
a f f e c t e d by s e e d treatments . The l a r g e s t number of pods/ 
p lant and seeds /pod were in the 0,5% treatment. The 0,3% 
gave h ighes t s e e d y i e l d per plant and seed prote in content 
and the increase was 21% and 12,5% over t h e i r r e s p e c t i v e 
c o n t r o l s , 
Samiullah e t a l , (1991) in a f i e l d experiment on 
mustard (Brass i ca juncea) var# varuna s t u d i e d the e f f e c t 
of pre-sowing s e e d treatment for 4h with 0,0125, 0 ,025, 
0 ,05 and 0,10% aque<xis pyridoxine s o l u t i o n with three 
basal doses of N and P , v i z . ^^QP20' ^90^30 ^^ ^60+30^30' 
a lone as we l l as in combinations. The parameters s t u d i e d 
included root l e n g t h , l e a f number, dry weight and l e a f 
NPK a t 50, 70 and 90 days a f t e r sowing *(DAS) and ne t 
a s s i m i l a t i o n rate (NAR) for the period of 50.70 and 
70-90 DAS. Two contro ls unsoaked and water soaked were 
maintained for comparison. At harves t , pods /p lant , seeds /pod. 
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h e c t o - l i t r e weight of s e e d s , oil" content of seeds* seeds 
y i e l d and o i l y i e l d were determined, soaking the seeds 
wi th 0.025% pyridoxine gave maximum value for a l l para-
meters a t various s t a g e s , except h e c t o - l i t r e weight which 
was more in 0.0125j^pyridoxine treatments . 0.025% pyrL-
doxine showed increase in s e e d o i l content by 18.0%, 
s e e d y i e l d by 14.9% and o i l y i e l d by 14.9% in comparison 
wi th water soaked c o n t r o l . N-QPJQ f e r t i l i s e r l e v e l proved 
b e s t for a l l parameters. The i n t e r a c t i o n 0,0125 x Ng-P-Q 
gave maximum values for various parameters. However, i t s 
e f f e c t was a t par with 0.025 x Ng P2Q and 0.025 x N ^p Q. 
I t was concluded t h a t mustard may be grown with 0.0125% 
pyridoxine s o l u t i o n with basal f e r t i l i s e r l e v e l of 
^60^20 ^^^^ sav ing 30 kg N and 10 kg P/ha. 
Samiullah e t a l , (1992) s t u d i e d the e f f e c t of pre 
sowing s e e d treatment f o r 12 h wi th 0, 0 . 2 , 0 . 3 and 0.4% 
pyri<toxine s o l u t i o n on l e n t i l (Lens c u l i n a r i s L, Medic) 
wi th 15, 30, 45 and 60 kg P/ha. The parameters s t u d i e d 
included NAR at 60-90 and 90-120 days i n t e r v a l s ; NRA 
at 60 , 90 and 120 days a f t e r sowing; pods /p lant , l e n g t h / 
pod.seeds /pod, 1,000 s eed weight , s eed y i e l d and seed 
prote in content a t harvest (140 DAS). 0,3% pyridoxine 
increased NRA by 23.3% a t 60 days, 42,7% a t 90 days, 
87.4% at 120 days, NAR by 56,2% a t 60-90 day and 
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43,5% at 90-120 days, pods/plant, length/pod, see^/pod 
1000 seed weight, seed y i e ld and seed protein content 
were increased by 70.6%, 24.0%, 72.9%, 6.4%, 29.1% and 
12.8%. 30 kg P/ha gave maxinniin value for a l l parameters. 
0.2% pyridoxine x 30 kg P/ha showed maximum value for 
most of the parameters studied except the interaction 
e f f e c t for 1000 seed weight. NRA and NAR showed strong 
correlation with seed y ie ld and seed protein content, 
while y ie ld attributes showed a s imilar correlation with 
seed y ie ld only. Thus 0.3% pyridoxine in combination 
with 30 kg P/ha ensures a higher y ie ld and quality of 
l e n t i l . 
2.5 ooncludinq remarks 
The review of l i terature reveals that mineral 
nutrients and vitamins play an important role in the 
performance of crops. However, the information regarding 
the interact ion e f f e c t of mineral nutrient and vitamin 
on the performance of crops i s meager. The work on the 
interaction e f f e c t of calcium and pyridoxine (vitamin Bg) 
on the performance of important crops, in particular, 
seems to be neglected. Therefore an in depth study on 
the physiological response of pulse, o i l and cereal crops 
to calcium and pyridoxine (vitamin B^) alone and in 
combination i s highly des irable . 
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Chapter ^ 3 
MATERIALS AND METHODS 
3,1 Proposed s tudy : 
I t is proposed to undertake th ree f i e l d experiments 
on moong^ mustard and wheat during the ' 'zaid" (summer) 
and " rab i" (winter) seasons a t the farm of the Aligarh 
Muslim Univers i ty . The aim of the experiments w i l l be 
t o work out bes t comblhation of pyridoxine with calcium 
dose for the above mentioned t h r e e crops . The d e t a i l s of 
the experimental design and planning is given in sec t ion 
3 . 5 , 1 , 3 . 6 . 1 , 3 . 7 . 1 . Each t r i a l w i l l be conducted for 
two yea r s . 
3.2 prepara t ion of t he f i e l d s 
P r io r t o each experiment, the experimental f i e l d 
w i l l be thoroughly ploughed t o ensure maximum a e r a t i o n . 
The p lo t s of ten square meter, w i l l be made in which 
organic manure w i l l be added for maintaining f e r t i l i t y 
of the s o i l . A uniform recommended basal dose of n i t rogen , 
phosphorus and potassium w i l l be appl ied for each crop* 
3.3 s o i l c h a r a c t e r i s t i c s $ 
Before sowing, s o i l sample w i l l be co l l ec t ed from 
each p l o t from a depth of about 10-15 cm and composite 
sampling w i l l be done. I t w i l l be analyzed for pH, C.E.C., 
ava i l ab l e NPK and Ca of the s o i l . 
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3.4 seeds x 
The authent ic seeds of var ious crops w i l l be 
obtained from I«A»R«I« New D e l h i . Itealthy seeds w i l l be 
sor ted o u t . The v i a b i l i t y o f seeds w i l l a l s o be t e s t e d 
us ing standard methods before sowing them In the f i e l d . 
The surface s t e r i l i z a t i o n o f the seeds w i l l be done with 
e t h y l a l c o h o l . The t rea ted and untreated seeds In each 
experiment w i l l be analysed for pyridoxlne content 
pr ior to sowing In the f i e l d . 
3 . 5 Experiment 1 
This experiment w i l l be conducted according to 
a f a c t o r i a l randomised block des ign on moong (vlgna 
rad la ta L, wl lczek) v a r . T-44 during "zald" (summer) 
s e a s o n . The aim o f the t r i a l w i l l be to study the e f f e c t 
of calc ium and pyridoxlne and t h e i r I n t e r a c t i o n on the 
morpho-physlological performances o f the c r o p . The 
s e e d s before sowing w i l l be soaked In 0.3% pyridoxlne 
s o l u t i o n for 4 h and then w i l l be t reated with Rhlzoblum. 
water soaked and unsoaked seeds w i l l be maintained as 
c o n t r o l . The calcium doses o f 0 , 10, 20 and 30 kg/ha 
w i l l be appl ied b a s a l l y as calc ium s u l p h a t e . Each 
treatment w i l l be r e p l i c a t e d three t i m e s . Vteedlng w i l l 
be done twice and I r r i g a t i o n s w i l l be given at every 
15 days I n t e r v a l during the e n t i r e growth period 
o f the crop . 
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A reconraended iinl£orin b a s a l dose o f 10 leg N« 30 kg 
P and 35 kg V h a w i l l be appl ied to a l l p l o t s a t the time 
o f sowing. The source o f n i t r o g e n , phosphorus and pota-
ssium w i l l be urea« superphosphate and muriate o f potash 
r e s p e c t i v e l y . The seed rate w i l l be 20 kg/ha. 
• 5»1 scheme of the treatment for Experiment l 
soaking Calcium treatments (kg Ca/l^a) 
0 
Unsoaked (u) 
water soaked (W) 
0,3% Pyridoxine (P) 
10 
+ 
+ 
+ 
20 
+ 
+ 
+ 
30 
+ 
+ 
+ 
Random samples of f i v e p lants for each p l o t a t 
15 ,30 ,45 days a f t e r sowing w i l l be c o l l e c t e d . At harvest 
three p lants w i l l be c o l l e c t e d to record var ious y i e l d 
and q u a l i t y c h a r a c t e r i s t i c s . The fo l lowing growth para-
meters a t var ious s t a g e s and y i e l d parameters at harvest 
w i l l be taken. 
. 5 . 2 Growth parameters t 
The fo l lowing growth parameter w i l l be s tudied at 
15, 30 and 45 days a f t e r sowing. 
1 . Plant length 
2 . Root length 
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3* Root noduls nuniber/plant 
4 . leaf number/plant 
5* leaf ares / l eaf 
6 . Fresh %pelght/plant 
7. Dry %4elght/plant 
3,5«3 Physiological paraaasters t 
1. leaf nitrogen, phosphorus and potassiujo content 
2. Shoot nitrogen, phosphorus and potassium content 
3« Root nitrogen, phosphorus and potassium content 
4 . Calcium content in leaf, shoot and root 
5. Carbonic anhydrase a c t i v i t y 
6 . Nitrate reductase a c t i v i t y (NRA) 
7. Net assimilation rate 
3«5.4 Yl< l^d and qual i ty parameters t 
The following parameter w i l l be studied for yield 
and quality assessment at the time of harvest. 
1, Pod number/plant 
2* Pod length/pod 
3* Seed number/pod 
4 . 1,000 seed %iielght 
5. seed y ie ld (kg/ha) 
6. seed protein content 
3.6 Experiment 2 
This f i e l d experiment w i l l also be conducted 
according to a fac tor ia l randomised block design during 
winter season **rabi" on mustard (srassica iuncea L. 
Czern and coss) var, Varuna. The aim of the 
t r i a l w i l l be to observe the e f f e c t of 
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c a l c i u m and p y r i d o x i n e and t h e i r i n t e r a c t i o n on t h e v e g e -
t a t i v e and r e p r o d u c t i v e growth of the c r o p . The seeds 
b e f o r e sowing w i l l be soaked i n 0,01% and 0.02% p y r i d o x i n e 
s o l u t i o n fo r 8 h o u r s , Unsoaked and wa te r soaked seeds w i l l 
be m a i n t a i n e d as c o n t r o l s . The ca lc ium doses of 0«20, 40 
and 60 k ^ h a w i l l be a p p l i e d b a s a l l y as calc ium s u l p h a t e . 
Each t r e a t m e n t w i l l be r e p l i c a t e d t h r e e t imes .weed ing 
w i l l be done when r e q u i r e d and i r r i g a t i o n w i l l be g iven 
t w i c e du r ing t h e e n t i r e growth p e r i o d of t h e c r o p , A 
recommended uniform b a s a l dose of 90 kg N« 30 kg P and 
30 kg K/ha w i l l be a p p l i e d t o a l l p l o t s a t the t ime of 
sowing . The sou rces of n i t r o g e n ^ phosphorus and potass ium 
w i l l be u r e a , s u p e r phospha te and m u r i a t e of p o t a s h 
r e s p e c t i v e l y . The s e e d r a t e w i l l be 10 k g / h a . 
3 , 6 , 1 Scheme of t r e a t m e n t s f o r Experiment 2 
t r e a S l n t s Calcium t r e a t m e n t s (kg c « / h a ) 
20 40 60 
Unsoaked 
t r e a t m e n t (U) "*" ••• "•" 
Water soaked (W) + + + 
0,01% p y r i d o x i n e + + + 
(P i ) 
0,02% p y r i d o x i n e 
(P2) 
46 
Five plants w i l l be taken randomly from each plot 
at the sampling time« i . e . at 50, 70 and 90 days after 
sowing. At harvest, five plants w i l l be co l l ec ted to 
record various y ie ld parameters, seed yie ld and o i l 
qual i ty charac ter i s t i c s . The following growth parameters 
at various stages and yie ld parameters at harvest w i l l 
be tataen. 
3.6.2 Growth parameters t 
The following growth parameter w i l l be studied 
after 50« 70 and 90 days after sowing. 
1. Shoot lengtVP^^^^ 
2 . Root length/plant 
3 . Leaf number/plant 
4 . leaf are a / leaf 
5. Fresh weight/plant 
6. Dry weight/plant 
3 .6 .3 Physiological parameters t 
1. leaf nitrogen, phosphorus and potassium content 
2. Shoot nitrogen, phosphorus and potassium content 
3 . Root nitrogen, phosphorus and potassium content 
4 . Calcium content in leaf, shoot and root 
5 . Carbonic anhydrase a c t i v i t y 
6 . Nitrase reductase a c t i v i t y (KRA) 
7. Net assimilation rate (MAR) 
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3.6 ,4 Yield and qual i ty parameters : 
•&» following y ie ld and quality parameters w i l l be 
studied at harvest . 
1 . Fod number/plant 
2. seed number/pod 
3 . 1000 seed weight 
4 . Seed y i e ld 
5. Oil percentage 
6. Oil y ie ld 
7* ACld jralve 
8* Iodine value 
9* Saponification value 
3.7 Experiment 3 
Ihls experiment w i l l also be conducted according 
to a fac tor ia l randomised block design during the same 
rabl (winter) season on wheat (Trltlcum aestlvum L.) 
var« HO-2204. The aim of the experiment w i l l be same 
aa for experiment Mo* 1 and 2* The seeds before sowing 
w i l l be soaked In 0.01^ and 0*02% pyrldoxlne solution 
for 12 hours and unsoaked and water soaloed seeds w i l l 
be maintained as control . Tlie calclxim doses of 0« 20« 
40« 60 kg/ha w i l l be applied basally as calcium sulphate. 
Each treatment w i l l be repl icated three t imes, weeding 
w i l l be done twice and Irrigat ion w i l l be given at 
every 30 days Interval during the entire growth 
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period of the crop, A recomnended uniform basal dose 
of 120 kg N, 30 kg P and 50 kg K/ha %d.ll be applied to 
a l l plots at the tlnae of sowing in the form of urea« 
superphosphate and muriate of potash respect ive ly . 
3 .7 .1 scheme of treatments for Experimant 3 
soaking Calcium treatments (kg Ca/ha) 
0 
Unsoaled (U) 
Water soaked (w) 
0.0156 pyridoxine (P.) 
0.02% pyridoxine (P,) 
20 
+ 
+ 
+ 
+ 
40 
+ 
+ 
+ 
+ 
60 
+ 
+ 
+ 
+ 
Five plants from each plot w i l l be co l lec ted 
randomly at 50« 70 and 90 days after sowing. At harvest^ 
y ie ld and qual i ty character is t ics w i l l be studied. Tite 
following growth parameters at various stages w i l l be 
taken. 
3.7.2 Growth parameters : 
1. Shoot length/plant 
2 . Root length/plant 
3 . leaf number/plant 
4 . leaf ares / leaf 
5 . T i l l er /p lant 
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6 . Fresh we ight /p lant 
7 . Dry we ight /p lant 
3 . 7 . 3 P h y s i o l o g i c a l paraneters t 
1 . Leaf nitrogen^ phosphorus and potassium content 
2* shoot n i t r o g e n , phosphorus and potassium content 
3 . Root nitrogen* phosphorus and potassium content 
4* Calcium content In leaf* shoot and root 
5 . Carbonic anhydrase a c t i v i t y 
6 . N i tra te reductase a c t i v i t y (NRA) 
7 . Nat a s s i m i l a t i o n ra te (NAR) 
3«7«4 Yie ld and q u a l i t y parameters i 
The fo l lowing y i e l d and q u a l i t y parameters w i l l 
be s tud ied a t harves t . 
1 . Ear number/plant 
2* Ear l ength /ear 
3 . Spite Jet number/ear 
4 . Grain number/ear 
5 . 1#000 grain weight 
6 . Grain y i e l d / h a 
7 . Straw y i e l d / h a 
8 . so luble and Inso lub le prote in i n grain 
9* so luble and Inso luble carbohydrate i n grain 
The methods of e s t imat ion o f pyzfldoxlne i s g iven 
i n s e c t i o n 3.8# NRA es t imat ion i n s e c t i o n 3*9 and NPK 
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estimation in section 3.10 for a l l the three experiments. 
The method of protein estimation is given In section 3,11 
for 3st and I l i r d experiment and carbohydrate estimation 
In section 3.12« for U l r d experiment and method of 
estimation of nitrogenase ac t iv i ty is given in section 
3,13. Estimation of carbonic anhydrase ac t iv i ty , o i l 
content, acid value, iodine value and saponification value 
is given in section 3.14, 3,15, 3,16, 3.17, 3,18 respec-
t ive ly . 
Chemical analysis j 
Pyridoxlne content in the t reated and untreated 
seeds of the three crops wil l be estimated prior to 
sowing. 
3.8 Estimation of Pyridoxlne s 
seed powder wi l l be prepared and pyridoxine content 
wil l be estimated colorimetrlcally according to the method 
of Hochberg et a l . (1944a, b) which is described below, 
3.8,1 Preparation of seed extract j 
1 g seed powder will be taken in a 20 ml calibrated 
t e s t tube,10 ml 4N-hydrochlorIc acid will be added t o i t 
and the t e s t tube will be placed in a water bath and 
heated for Ih, The contents of the tube wil l be s t i r r e d 
ocacusionally which helped in hydrolyslng the bound 
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pyridoxlne as well as in e x t r a c t i n g the v i tamin. The 
so lu t i on w i l l be cooled and the pH w i l l be adjusted t o 
3 with sodium hydroxide and hydrochloric ac id . At th i s 
pH, 3 ml of buffer (sodium c i t r a t e ) w i l l be mixed followed 
by the addi t ion of 2.5 g of F u l l e r ' s ea r th (Llyods r eagen t ) . 
The tube w i l l be s toppered and shaken occasional ly for 5 
min. 
The suspension w i l l be centr i fuged a t 10,000 rpn 
and supernatant w i l l be d iscarded. The res idue w i l l be 
washed with 15 ml of ac idu la ted water , 5 ml of 2 N-sodium 
hydroxide so lu t ion w i l l be added to the res idue and the 
f i n a l volume w i l l be made* upto 20 ml with d i s t i l l e d water . 
The suspension w i l l be d ispersed for a per iod of 3 min 
by frequent inversions of the tube and centr i fuged a t 
10,000 rpm. 10 ml of the e lua t e w i l l mixed with 50 ml of 
isopropanol and w i l l be again cent r i fuged. The c lea r super-
na tan t w i l l be discarded and pH w i l l be adjusted to 5-7 
us ing a few drops of 12 N-hydrochloric ac id . Thus e x t r a c t 
w i l l be used for pyridoxine es t ima t ion . 
3.8.2 colour development s 
The following tubes w i l l be s e t up in order t o e s t i -
mate the pyridoxine contents in the seeds . 
Tes t Tube 1 $ 6 ml t e s t - e x t r a c t + 2 ml of anroonium chlor ide 
so lu t ion + 1 ml of bor ic acid s o l u t i o n . 
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Test Tube 2 j 6 ml of t e s t - e x t r a c t 4- 2 ml of anmonia-
anrnionium ch lor ide so lu t ion •(• 1 ml of 
d i s t i l l e d water . 
Test Tube 3 j 6 ml of t e s t - e x t r a c t + 2 ml of ammonia-
ammonium ch lor ide so lu t ion + 1 ml of 
s tandard pyridoxlne hydrochloride so lu t ion 
(10;ug) . 
In each t e s t tube , 1 ml of 2«6 dichloroquinone 
chloroiroide so lu t ion w i l l be added. Test Tube 1 w i l l ac t 
as the blank. The o p t i c a l dens i ty w i l l be read a t 660 nm 
on "spect ronic-20" colorimeter exac t ly a f t e r 1 min of 
addi t ion of 2,6-dichloroqulnone chloroimide reagent . The 
pyridoxlne content in seeds w i l l be ca l cu la t ed by using 
the following formula, 
1*2 60 V -^ 9 18 5 
^— ^ X- • •-• ^ "^x—^— = >iig pyridoxine/g seed powder 
In above equation 
Lj = represen t s o p t i c a l dens i ty of the so lu t ion present 
in Tes t Tube 2, 
L^-Lo = represents increase in o p t i c a l densi ty due to the 
10 yug pyridoxlne added in T e s t Tube 3 . 
W = s tands for weight of seed powder used 
^^^j^Q*^ = is used for d U u t i o n f ac to r 
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3,9 Estiroation of NRA 5 
NRA w i l l be est imated a t a l l growth s tages in fresh 
l eaves . Random samples of leaves f rent each p lo t were taken 
and cut in to small p i eces , NRA w i l l be determined accor-
ding to the method of jaworski (1971) which is being 
b r i e f l y descr ibed below, 
500 mg leaf pieces w i l l be placed in polythene v i a l s , 
2,5 ml of phosphate buffer and 0,5 ml of 0.2 M-potass ium 
n i t r a t e so lu t i on w i l l be added followed by addi t ion of 
2,5 ml of 5% Isopropanol, f i n a l l y , two drops of ch lo r -
amphenical so lu t i on w i l l be poured to avoid b a c t e r i a l 
growth in the medium, these v i a l s w i l l be incubated for 
2 h in dark a t 30°C, 
3,9,1 colour development s 
0,4 ml of incubater! .mixture w i l l be taken in a t e s t 
tube t o which 0,3 ml of 1% sulphanllamide and 0,02% N-1-
nephthyl e thylene diamine hydrochloride (NEDHGl) w i l l be 
added. The so lu t i on w i l l be l e f t for 20 min for maximum 
colour development. I t w i l l be d i l u t ed t o 5 ml with s u f f i -
c i en t amount of d i s t i l l e d water and o p t i c a l dens i ty w i l l 
be read a t 540 nro using a "Spectron10-20" co lor imeter , 
A blank w i l l be run s imultaneously, 
A s tandard curve w i l l be p l o t t e d by tak ing various 
concentra t ion of potassium n i t r a t e , The o p t i c a l densi ty 
of the samples w i l l be compared with t h i s c a l i b r a t e d cuirve 
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and NRA w i l l be expressed as a inol N O V V Q f resh leaf 
t i s s u e . 
3.10 Estimation of NPK : 
Healthy leaves w i l l be plucked, powdered and passed 
through a 72 mesh screen . Nitrogen, phosphorus and potassium 
in t h i s powder wi l l be es t imated as described below s 
3.10.1 Digest ion of leaf powder t 
Leaf powder w i l l be d iges ted for leaf n i t rogen , 
phosphoinas and potassium according t o Lindner (1944). 100 
rag of dry leaf powder w i l l be taken in a 50 ml KJeldahl 
f l a sk and 2 ml of chemically pure su lphur ic acid w i l l be 
added and heated for 2 h on fcjeldahl assembly. Heating 
with ac id w i l l turn the contents b lack. After cooling for 
15 min, 0.5 ml of chemically pure 30% hydrogen peroxide 
w i l l be added drop by drop. The so lu t ion w i l l be again 
heated for about 30 min t i l l the colour became l i g h t yellow. 
I t w i l l be then cooled and 3-4 drops of hydrogen peroxide 
w i l l be added again. The contents w i l l be heated again 
with the addi t ion of H^Og to get a c lea r s o l u t i o n . Addition 
of excess of hydrogen peroxide w i l l be avoided as i t may 
ox id i se ammonia in the absence of organic ma t t e r . The 
peroxide-diges ted mater ia l s w i l l be t r ans fe r r ed to a 100 
ml volumetr ic f lask with t h r ee or four washings with 
d i s t i l l e d water and volume w i l l be made upto the mark. 
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3.10.2 Estlrnatix)n of n i t rogen t 
Lindner ' s method (1944) w i l l be adopted for the 
es t imat ion of ni t rogen in the samples, 
A 10 ml a l iquo t of the peroxide diges ted mater ia l 
w i l l be taken in 50 ml volumetric f l ask 2 ml of 2,5N 
sodium hydroxide and 1 ml of 10% sodium s i l i c a t e so lu t ion 
w i l l be added t o n e u t r a l i s e excess of acid and to prevent 
t u r b i d i t y r e s p e c t i v e l y . The volume of the so lu t i on w i l l 
be made upto the mark with the help of d i s t i l l e d water . 
In a 10 ml graduated t e s t tube , 5 ml a l iquo t of t h i s 
so lu t i on w i l l be taken and 0,5 ml of Ness l e r ' s reagent 
w i l l be added and mixed. The f i n a l volume w i l l be made up 
with d i s t i l l e d water . After wai t ing for 5 mln to get 
optimum colour development, o p t i c a l dens i ty of the so lu t ion 
w i l l be read a t 525 nra on a "Spectron10-20" color imeter , 
A blank w i l l be maintained s imultaneously, A s tandard 
curve of known d i l u t i o n of ammonium sulphate so lu t ion 
w i l l be p l o t t e d . The reading of each sample w i l l be 
compared with t h i s c a l i b r a t i o n curve and n i t rogen in 
leaves w i l l be est imated in terms of percentage on dry 
weight b a s i s , 
3.10.3 Estimation of phosphorus t 
Tota l phosphorus in the su lphur ic ac id peroxide 
d iges ted a l i quo t w i l l be es t imated by the method of 
Fiske and Subba Row (1925), 5 ml a l iquo t w i l l be taken 
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in a 10 ml graduated t e s t tube and 1 ml of molybdic acid 
(2.5% amaaoniuro molyBdate in ION su lphur ic acid) w i l l be 
added ca re fu l ly followed by the addi t ion of 0,4 ml of 
l -amino-2-naphthol-4-sulphonic ac id . The colour w i l l txirn 
b lue . D i s t i l l e d water w i l l be used to make up the volume 
to 10 ml. The so lu t ion w i l l be shaken and kept for 5 min 
and then t r ans f e r r ed to a colorixnetric tube . The op t i ca l 
dens i ty w i l l be read a t 620 nm on a ••spectronic-20" 
color imeter , A blank w i l l be used simultaneously with 
each determinat ion. The s tandard curve w i l l be prepared 
by using known concentrat ion of monobasic potassium 
phosphate s o l u t i o n . The readings of the samples w i l l be 
compared with t h i s s tandard curve and phosphorus content 
in leaves w i l l be computed in terms of percentage on dry 
weight b a s i s , 
3,10,4 Estimation of potassium s 
Potassium content in the samples w i l l be es t imated 
flame photometr ica l ly , 10 ml a l iquo t w i l l be taken and 
i t w i l l be read by using the f i l t e r for potassium. A blank 
w i l l be run s ide by s i d e . The reading w i l l be compared 
with a c a l i b r a t i o n curve t^lotted from known d i l u t i o n of 
s tandard potassium su lphate s o l u t i o n . The potassixun in 
leaves w i l l be expressed as percentage on a dry weight 
b a s i s . 
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3,11 Estlroation of prote ins j 
p ro t e in w i l l be es t imated following the method of 
Lowry et_ al^, (1951). 
3.11.1 Ext rac t ion of so lub le and insoluble prote ins j 
50 mg powdered sample w i l l be taken in to a mortar 
and p e s t l e . I t w i l l be grourjdwith 5 ml of d i s t i l l e d water 
and c o l l e c t e d in a cent r i fuge tube with a t l e a s t two 
washings. The sample w i l l be centr i fuged a t 4,000 rpm 
for 10 mln. The superna tant w i l l be co l l ec t ed in a 25 
ml volumetric f l a sk together with two washings of the 
res idue with d i s t i l l e d water . The volume w i l l be made 
upto the mark with d i s t i l l e d water and preserved for the 
es t imat ion of so luble p r o t e i n , 
TO the res idue , 5 ml of 5% t r i c h l o r o a c e t i c acid 
w i l l be added. The so lu t i on w i l l be allowed to s tand a t 
room temperature for 30 min with thorough shaking. I t 
w i l l be then centr i fuged a t 4,000 rpm for 10 min and 
the superna tant discarded* 5 ml of IN sodium hydroxide 
w i l l be mixed well with the res idue and allowed t o s tand 
in a water bath a t 80°C for 30 min. The so lu t ion w i l l be 
then allowed t o cool and centr i fuged a t 4,000 rpm. The 
superna tant together with th ree washings with IN sodium 
hydroxide w i l l be c o l l e c t e d in 25 ml volumetric f l a sk . 
The volume wi l l be made upto mark with IN sodium hydro-
xide and used for the es t imat ion of insoluble p ro te in . 
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3.11.2 Estimation of so luble p ro te in : 
1 ml of the above water e x t r a c t w i l l be t r ans fe r r ed 
to a 10 ml t e s t tube and 5 ml of reagent ' C w i l l be added 
to i t . The so lu t ion w i l l be mixed well and allowed t o 
s tand for 10 rain a t room temperature and 0.5 ml of 
reagent E w i l l be added rap id ly with immediate mixing. 
After 30 min, the blue coloured so lu t ion w i l l be t r a n s -
fe r red t o a co lo r imet r i c tube and the percent t ransmi-
t t ance w i l l be read a t 660 nm on a "Spectron10-20" 
color imeter , A blank w i l l be run with each sample. The 
so lub le p ro te in content w i l l be ca l cu la t ed by comparing 
the o p t i c a l densi ty of each sample with a c a l i b r a t i o n 
curve p l o t t e d by taking known d i lu t ions of a s tandard 
so lu t i on of egg-albumin. 
3.11.3 Estimation of insoluble p ro te in j 
1 ml of sodium hydroxide e x t r a c t w i l l be t r ans fe r red 
t o a 10 ml t e s t tube and 5 ml of reagent D w i l l be added 
to i t . The so lu t ion w i l l be mixed well and allowed to 
s t and t o r 10 min a t room temperature . 0,5 ml of reagent 
E wi l l be added rapid ly with immediate mixing. After a 
lag of about 30 min the i n t e n s i t y of the blue coloured 
so lu t i on w i l l be measured on a • 'Spectronic-20" c o l o r i -
meter a t 660 nm, 
3.12 Estimation of carbohydrates s 
soluble and insoluble carbohydrate w i l l be ex t rac ted 
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according t o the method of Yih and Clark (1965), and e s t i -
mated by the method of Dubois e t a l . (1956). 
50 mg of seed powder w i l l be taken In centr i fuge 
tube and t o i t 5 ml of 80% alcohol wi l l be added and 
heated on a water bath for 10 minutes. After cool ing, the 
samples w i l l be centr i fuged a t 4,000 rpm for 10 minutes, 
the supernatant w i l l be taken in a 25 ml voltimetric f l ask 
for the es t imat ion of so lub le carbohydrate . The res idue 
w i l l be kept for es t imat ion of insoluble carbohydrates . 
This res idue w i l l be washed twice with 5 ml of 80% alcohol 
and the washings w i l l be added to t he f l a sk containing the 
superna tan t . The volume w i l l be made upto the mark with 
80% a lcohol , 1 ml of the alcohol e x t r a c t w i l l be taken in 
a 10 ml t e s t tube and d r i ed on a water ba th , when the 
alcohol w i l l be completely evaporated, the t e s t tube w i l l 
be taken out from the water bath and cooled. After cooling, 
2 ml of d i s t i l l e d water w i l l be added t o each t e s t tube . 
3.12,1 Estimation of so lub le carbohydrate t 
To t h e supernatant of alcohol e x t r a c t 1 ml of 5% 
phenol w i l l be added followed by 5 ml cone, su lphur ic ac id . 
The colour turned yellowish orange. After cooling for half 
an hour, i t w i l l be t r a n s f e r r e d to a co lor imet r ic tube 
and the o p t i c a l dens i ty w i l l be read a t 490 nm on a 
"Spectronic-20" co lor imeter , A blank w i l l be run with 
each sample. The so lub le carbohydrate content of each 
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sample will be obtained by comparing its optical density 
with a calibration curve plotted by taking known dilu-
tions of a standard solution of chemically pure glucose, 
3.12,2 Estimation of insoluble carbohydrate : 
lb residue kept after centrlfugation of the 80% 
alcohol extract will be used for the determination of 
insoluble carbohydrate, 5 ml of 1.5N sulphuric acid will 
be added to this residue and heated on a water-bath for 
about two hours. After cooling it will be transferred 
to a centrifuge tube and centrifuged at 4,000 rpn for 10 
minutes. The extract will be collected in 25 ml volu-
metric flask. 
The residue will be washed twice with distilled 
water and the washings will be added to the same volume-
tric flask. The volume will be made upto the mark with 
distilled water. The insoluble carbohydrate content will 
be determined using the same method as in the case of 
soluble carbohydrate. 
3,12,3 Total carbohydrate : 
The values for the soluble and insoluble fractions 
will be added together to get the total carbohydrate con-
tent of the seed. 
3,13 Estimation of Nitroqenase activity : 
The nitrogenase activity will be assayed by 
the method of Hardy et al, (1968) and is being described 
below. 
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3.12,1 Assay Procedure s 
Nitrogenase activity of intact nodules on root 
system will be assayed in conveniently sized containers, 
e.g. glass bottles with a rubber septum as the stopper 
to allow it to be pierced by a disposable syringe. Hiree 
plants from each treatments will be selected randomly 
and the intact root system will be excised. The excised 
roots (nodules still attached to root) will be placed in 
30 ml glass bottles with a rubber septum to permit injec-
tion and withdrawl of gas samples. Some gas will be with-
drawn from the sample container by syringe and will be 
replaced with acetylene to give its final concentration 
of 10%. After a suitable time (30 min or Ih) gas samples 
(0.5-1 ml) will be taken with a disposable air tight 
syringe and injected to gas chromatograph. 
Ethylene standard will be used to calculate the 
actual concentration of ethylene produced by the nodules 
be 
and peak heights can/taken as linearly related to concen-
tration. 
3.12.2 Calculation of nitrogenase activity : 
1. To calculate peak height (cm) of CjH. in the injec-
tion - vol = a cm 
2. To calculate peak height for 1 ml injection value = 
b cm 
3. To calculate n mole CjH. corresponding to be 'b^  cm 
peak height from standard graph = 'c* n moles. 
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4, To c a l c u l a t e volume of v i a l = 'd ' ml 
5, Subs t ra te volume of nodulated roots ('e'ml) from 'd* to 
get volume of gas phase in a v i a l = d-e = 'f* ml 
6, n moles (C^H./vial = F x c forr 30 min, incubation (say) 
7, Express r a t e s as : 
^ mole C^H^q dry wt of nodules/h = ^^^Tno^xxlBS 
or Ai mole C^HVg fresh wt. of nodules/h = >^ c x. 
^ "* fw of nodules 
o r ^ mole C^H./plant/h = f x c 
3.14 Estimation of carbonic anhydrase a c t i v i t y : 
Carbonic anhydrase a c t i v i t y in the leaves w i l l be 
determined according to the method of Dwivedi and Randhava 
(1974). Carbonic anhydrase enzyme ca ta lyses the r eve r s ib l e 
hydrat ion of CO, 'to give bicarbonate ion -
carbonic anhydrase 
H2O + CO2 ^ ^ H + HCOj 
The green leaves of the sampled plants will be cut into 
pieces (1 cm length) at a temperature below 25 C, After 
mixing these, 400 mg leaves will be taken and further cut 
into small pieces (2-3 ram) in 10 ml of 0.2M cystein solu-
tion in a petridish at 0-4°c, After cutting,they will be 
blotted to remove the solution adhering at the surface 
and transferred immediately to a test tube having 4 ml 
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of 0.2 M phosphate buffer (pH 6 . 8 ) , 4 ml of 0.2M sodium 
bicarbonate in 0.02 M NaOH so lu t ion and 0,2 ml of 0,002% 
bromothytnol blue I n d i c a t o r . After shaking, the tube wi l l 
be incubated a t 0-4°C for 10 minutes . COg l i b e r a t e d during 
c a t a l y t i c ac t ion of enzyme on NaHCO, w i l l be est imated 
by t i t r a t i n g the reac t ion mixture aga ins t 0,05 N HCl 
using methyl red i n d i c a t o r . Control reac t ion mixture w i l l 
a l so be t i t r a t e d and di f ference between sample reading 
and cont ro l reading w i l l be taken 
V X N X 22 Calculat ion j 200 
where, v is the volume difference between control and 
incubated enzyme (HCl used) N/200 is the normality of 
HCl and 22 is the equivalent weight of COj. 
3.15 Determination of oil content i 
In order to extract the oil, grinding of seeds will 
be done until the formation of fine meal, 
20 g ground seeds (fine meal) will be transferred 
to a Soxhlet apparatus and sufficient quantity of pure 
petroleum ether will be added. The apparatus will be kept 
in a hot water bath, running at 60 C for about 6h for 
complete extraction of the oil. The petroleum ether will 
be evaporated from the extract. The percentage of the 
extracted oil will be calculated by the following 
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foitnula. 
m X 100 
where, m is the mass of oil and m is mass of seed powder. 
3«16 Determination of acid value ; 
The acid value of an oil is the number of mg of 
potassium hydroxide (KOH) required to neutralise free acid 
in Ig of the oil. It will be determined by the following 
method (Anonymous, 1970). 
2g oil will be dissolved in 50 ml solvent mixture 
of 95% ethanol and diethyl ether (1:1) in a 250 ml coni-
cal flask. Titration will be carried out with O.IN KOH 
solution, using phenolphthalein as an indicator and the 
number of ml of 0,1 N KOH required will be noted, iSie acid 
value will be calculated by the following formula. 
Acid value = a x 0.00561 x 1000 
where, 'a* is the number of ml of 0.1 N KOH required and 
W is the weight of oil. 
3.17 Determination of iodine value : 
The iodine value of an oil is the number of g of 
iodine absorbed by 100 g of oil and expressed as the 
weight of iodine. It will be determined by iodine mono-
chloride method given below: 
2 g oil will be taken into a dry ground neck flask 
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and 10 ml carbon tetrachloride and 20 ml iodine mono-
chloride solution will be added. 
The flask will be stoppered and allowed to stand 
in a dark place for about 30 minutes. After that 15 ml 
of potassium iodide solution and 100 ml of double dis-
tilled water will be poured with proper shaking. Titration 
will be carried out with 0,1N sodixun thiosulphate solution, 
using starch solution as an indicator. Number of ml of 
sodium thiosulphate solution used will be noted (a) side 
by side the same operation will be carried out without 
the oil and the number of ml of 0,1N sodium thiosulphate 
solution will be noted (b)» Iodine value will be calculated 
by the following formula (Anonymous 1970)J 
T ^4 -. (b -a ) X 0 . 0 1 2 6 9 x 100 
Iod ine v a l u e - •* '•—-7-= 
W 
Where 'a' and 'b' are the numbers of ml of 0,1N sodium 
thiosulphate solution used in a sample and blank tit-
ration respectively and w is the weight of oil, 
3,18 Determination of Saponification value : 
The saponification value of an oil is the number 
of mg of KOH required to neutralise the fatty acids 
resulting from the complete hydrolysis of Ig of the 
soil, 2 g oil will be taken in a 250 ml conical flask 
and 25 ml 0,5N KOH solution will be added. The flask will 
be attached with reflux condenser and boiled on water 
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bath for about l h with frequent rotation of the 
contents of the f lask. After cool ing, 1 ml of phenoL. 
phthaleln solution w i l l be added. Hie excess of a lkal i 
w i l l be t i t ra ted with 0.5N HCl. Thb number of ml of 
0.5N HCl w i l l be noted (a) the same operation w i l l be 
repeated without o i l and the number of ml required 
w i l l be noted (b) (Anonymous* 1970). Saponification 
value w i l l be calculated by the following formula i 
saponification value - (b-a? x 0.02805 x ;000 
where (a) and (b) are the numbers of ml of 0.5M HCl 
used in sample and blank t i t ra t ion respect ively and w 
i s the weight of o i l . 
3.19 Estimation of calcium t 
Calcium concentration in leaves, shoot and root 
w i l l be estimated on dry weight b a s i s . 50 mg of oven 
dried powder w i l l be taken in 50 ml volumetric f lask. 
In th i s f lask 2 ml concentrated n i t r i c acid (HNO^ ) w i l l 
be added and i t w i l l be heated on e l e c t r i c hot plate 
t i l l the brown effervercence comes, when the e f ferves-
cence near to f in ish then "TAM" solution w i l l be added 
t i l l the c lear solution obtained (TAH a Tri acid mix. 
ture, i t i s the mixture of three acids like n i t r i c 
acid, s u l p h ^ i c acid and perchloric acid in the ratio 
of I0}5s4) . The whole material w i l l be allowed to dry 
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on the p la te , 50 ml of double d i s t i l l e d water w i l l be 
added, shaloed %#ell and transfered i t into another 50 ml 
vol* flask with three washing with double d i s t i l l e d water, 
'One f ina l voluiae w i l l be made upto the mark with the 
help of double d i s t i l l e d water. 
Standard for calcium 
2,497 g CaCX)^  in 15 ml of cone, HCl w i l l be dissolved 
and made the volume 1 l i t * with d i s t i l l e d water* 0, 10,20, 
30,40 and 50 ml of 1000 ppm calcium solution each w i l l 
be maintained 100 ml with d i s t i l l e d water giving 0, 100, 
200, 300, 400 and 500 ppm calcium in respective solution* 
The reading w i l l be d irec t ly read on flame photometer* 
The digested material w i l l be estimated by flame 
photometer direct ly* Ttie reading w i l l be calculated with 
the help of standard curve then percentage of the calcium 
w i l l be obtained* 
The reagents required in analysing various cons-
t i tuent of plant parts in sect ion 3*8 w i l l be prepared 
as described in the Appendix* 
3*20 S t a t i s t i c a l analysis and discussion t 
The experimental data w i l l be s t a t i s t i c a l l y 
analysed by adopting analysis of variance technique 
according to the design of the experiment (Panse and 
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and sukhatame, 1985). In applying the *F* nest , the 
error due to repl icates w i l l also be determined. When 
*F* value w i l l be found s ign i f i cant at the 5 percent 
l eve l of probabil i ty, c r i t i c a l difference (C.D«) w i l l 
be calculated and correlated between various parameters 
The s ign i f i cant data w i l l be discussed In the l ight of 
the finding of other researchers. 
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A P P E N D I X 
PREPARATION OF RE ACS NTS 
The var ious reagents used £or biochemical determi-
nat ions were prepared accordxng to the fo l lowing methods, 
1 , Reagents for the e s t i m a t i o n of pyridoxine 
1.1 chloroimide reagent 
100 rog crysta l l ine 2«6.dichloroquinone chloroimide 
was dissolved in 250 ml isopropanol* The solution was 
stored in a glass-stoppered bott le in refrigerator and 
discarded i f pink colour developed* 
1.2 Ammonia-ammonium chloride solution 
160 mg ammoniiom chloride was dissolved in 70 ml 
d i s t i l l e d water to which 160 ml ammonia-water (27% appro-
ximately) was added. The so lut ion was di luted upto 1 1 
with d i s t i l l e d water. 
1*3 Boric acid solut ion (5%) 
5 g boric acid was dissolved in d i s t i l l e d water and 
the f ina l volume was made upto 100 ml. 
1.4 Pyridoxine hydrochloride solution 
100 mg pyridoxine hydrochloride was dissolved in 
su f f i c i en t d i s t i l l e d water and the f ina l volume was made 
i i 
upto 1.1« The s o l u t i o n was s tored in em amber coloured 
b o t t l e in r e f r i g e r a t o r • 
1.5 Buffer s o l u t i o n (pH 3) 
73 g sodluBi phosphate dlhydrate and 167 g c i t r i c ac id 
was d i s s o l v e d In s u f f i c i e n t d i s t i l l e d water and the f i n a l 
voluooe was made upto 1 1 . 
2 . Reagents for the e s t i m a t i o n of n i t r a t e reductase 
a c t i v i t y 
2 .1 Phosphate buffer (pH 7 .5) 
(a) 13.6 g potassium dihydrogen orthophosphate (KH2P0^) 
was d i s s o l v e d in s u f f i c i e n t d i s t i l l e d water and the f i n a l 
volume was adjusted upto 1 1 . 
(b) 17.42 g dipotassium monohydrogen orthophosphate 
(K^HFO.) was d i s s o l v e d in s u f f i c i e n t d i s t i l l e d water and 
the f i n a l volume was made upto 1 1 . 
(c) 160 ml of s o l u t i o n (a) and 840 ml of s o l u t i o n (b) was 
mixed in order to ge t pH 7 . 5 . 
2 .2 Potassium n i t r a t e (0.2M) 
2.02 g potassium n i t r a t e was d i s s o l v e d in enough 
d i s t i l l e d water and the f i n a l volume was made upto 100 ml. 
2 . 3 sulphanllamide s o l u t i o n (1%) 
1 g sulphanllamide powder was d i s s o l v e d on 100 ml 
3H HCl. 
i i i 
2.4 NED.HC1 s o l u t i o n (0.02%) 
20 mg NED-HCL M.l(naphthyl}-ethyXene diamine 
ci ihydrochloric a c i d was d i s s o l v e d in 100 ml d i s t i l l e d 
water . 
3 . Reagents for the determination of N and P 
3.1 Messier*s reagent 
(a) 3.5 g potassium iod ide was d i s s o l v e d in 100 ml 
d i s t i l l e d water to which 4% mercuric ch lor ide was mixed 
with continued s t i r r i n g t i l l a s l i g h t red p r e c i p i t a t e 
remained (about 325 ml of the s o l u t i o n was r e q u i r e d ) . 
(b) 120 g of sodium hydroxide was d i s s o l v e d in d i s t i l l e d 
water and f i n a l volume made upto 250ral. 
(c) so lu t ions (a) and (b) were mixed together and d i l u t e d 
to 1 1 with d i s t i l l e d water . "The s o l u t i o n was s tored in an 
amber coloured b o t t l e in r e f r i g e r a t o r . 
3 .2 Molybdic ac id reagent (2.5%) 
6 .25 g ammonium molybdate was d i s s o l v e d in 75 ml 
ION H^SO.. TO t h i s so lu t ion^ 175 ml d i s t i l l e d water was 2 4 
added in order to get 250 ml of the above reagent . 
3.3 Aminonaphthol solphonlc acid 
0.5 g l-amino-.2-naphthol-.4-sulpnonic ac id was 
d i s s o l v e d in 195 ml 15% sodium b i s u l p h i t e s o l u t i o n to 
which 5 ml of 20% sodium s u l p h i t e s o l u t i o n was added. 
i v 
The above s o l u t i o n was s tored in a dark coloured b o t t l e . 
4 . Reagents for the e s t i m a t i o n of carbohydrate 
4 .1 Sulphuric ac id ( 1 . 5 N) 
10.20 ml pure su lphuric ac id (AR) was added to 
enough d i s t i l l e d water and f i n a l volume was made upto 
250 ml. 
4 .2 Phenol (5%) 
5 ml d i s t i l l e d phenol was mixed with 95 ml d i s t i l l e d 
water . 
5 . Reagents for the e s t i m a t i o n of pro te in 
5 .1 Reagent A 
2% sodium carbonate was mixed with O.lN sodium 
hydroxide (1:1). 
5.2 Reagent B 
0.5% copper sulphate was added to 1% sodium tar taa te 
( 1 : 1 ) . 
5 .3 Reagent C (a lka l ine copper sulphate s o l u t i o n ) 
I t was prepared by mixing 50 ml reagent 'A^ with 
1 ml reagent *B*. 
5.4 Reagent D (carbonate~copper sulphate s o l u t i o n ) 
same as reagent • c ' * except for the ommission of 
sodium hydroxide. 
5,5 Reagent E ( F o l l n ' s phenol reagent) 
100 g sodium tungstate and 25 g sodium molybdate 
was d i s s o l v e d In 700 ml d i s t i l l e d water In which 50 ml 
o£ 85% phosphoric ac id and 100 ml cone* hydrochloric 
ac id was mixed, Itie f l a s k was connected with a r e f l u x 
condenser and b o i l e d gent ly on a heat ing mantle for 
10 h . At the end of the b o l l d l n g per iod , 150 g l i th ium 
s u l p h a t e , 50 ml d i s t i l l e d water and 3-4 drops of l i q u i d 
bromine was added to t h i s f lask* The r e f l u x condenser 
was removed and the s o l u t i o n In the f l a s k was b o i l e d for 
15 mln. In order to remove e x c e s s bromine, cooled and 
d i l u t e d to 1 1. 
The s t reng th of t h i s a c i d i c s o l u t i o n (1 N) was 
t e s t e d by t r e a t i n g I t with 1 N sodium hydroxide us ing 
phenolphthaleln as an I n d i c a t o r , 
